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ABSTRACT 

The revised Iowa Developed Energy Activity Sampler 
(IDEAS) was compiled using the original IDEAS program and the Energy 
Conservation Activity Packets (ECAPS). This document is one of the 
series of revised IDEAS booklets, and provides activities for 
teaching science. The activities are intended to present energy 
principles in an interesting manner and to develop student skills in 
acquiring information and making well-informed decisions about energy 
issues. Each of the 25 activities in this document includes: (1) the 
subject area for which the activity was written; (2) the grade level; 
(3) a brief statement about the activity itself; (4) the objective(s) 
of the activity; (5) a list of materials needed; (6) the approximate 
amount of time needed for the activity; (7) a more complete 
description of the activity, including the various components of the 
activity and their relationship to Jean Piaget's learning cycle 
(awareness, concept development, application); and (8) some 
follow-up/background information. In some activities the original 
source of the activity is also given. The focal points of the entire 
document are energy concerns, impacts, choices, challenges, and 
conservation . (TW) 
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REVISED ICHA ESVELOPED WEPGY ACTIVrrY SAHPLEJR - IDEAS 

DmonjcriON to ideas 



Hie revised lEEAS were developed fran the Ener^^ ConservaticHi Activity Packets, 
(EC3\PS)r b/ Ruth Bakker and Iwa Developed Energy Activity Sampler (ICEAS) , 
developed ty Dr. Doris G. Siioonis under the auspices of the Iowa Energy Policy 
Council and the Iowa Department of Public Instructionr new the Iowa Department 
of Education. An "infusion model * was used as a basic framework which 
recognized ttie interdisciplinary nature of enerc^^ education concepts. Biese 
included : 

1. Ener^ is basic. 

2. Ener^ usefulness is limited. 

3. Enviroment is iitpacted ty enera^ exchanges. 

4. Enera^ conservation is needed. 

5. Hie future of erera^ is ours to shape and share. 

The revised IDEAS adheres to these concepts and provides activities that 
utilize a learning q/de to develcp a knowledgeable student population 
concerning enera^ matters. Decision-making skills are emphasized and 
developing an enera^ conservation ethic is a major goal. 

Under the joint sponsorship of the Icwa Department of Education, Duane Toomsen, 
Environmental and Energy Education Cbnsultantf and the Ener^ Division of the 
Iowa Department of Natural ResouroeSf Dr. W. Tony Heiting, Coordirator; the 
revised Iowa Developed Enera^ Activity Sanpier (IDEAS) was created to meet the 
continuing need for enera^ education from the 1980' s into the twenty-first 
century. 

Conservation of natural resources and environmental ;3wareness has been mandated 
ty the State of Iowa to beccme a part of the quality education experienced ty 
Iowa's future citizeiis in grades K-12. Energy is an integral part of our 
nation's natural resource base. The major emphasis of IDEAS is to provide 
uniquely designed K-12 dassrocin activities that ar€» adaptable into various 
dassroon situationsr i.e., highly populatedf urban sdiools to less populated 
rural facilities. Bie focal points of HEAS are: energy ooncernsr iirpactSr 
choices, challeiiges, and conservation. 

Revised IDEAS adopts a learning cycae strategy based upon the learning theory 
of Jean Piaget. The cycle has three phases: e&arenessr concept development 
and appOLication. Activities are loosely structured, to allow for student 
eiqploringf h/potheslzingr and decision-making. 

Awareness activities encourage students to e:?)erienoe a new idea, phenomenon or 
perception. A variety of experiences dx)uld stimol.ate the students' interest, 
appceciationf ana initiate a positive attitude tcward the concept to be 
formulated. Concept development involves the buil<aing of a concept of energy 
based upon the awareness phase. Odnoept develqpneot may include s\xii 
activities as reading, performing experiroentSr solving problemSf group 
interactions, ^es and rde-playing in order to reinforce the developing 
concept. Bie application phase is designed to enable the student to apply the 
new concept to various situations or pr obi ems. implication activities may 
include the same types of activities plus a gamut of others, including debates, 
panels, simulations, surv^s, designing, constructing and oonmunity or school 
projects. 
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Bus learning cycle approach integrates content with proc3esses and enoDurages 
the development of hi^er level reasoning and thinking skills. TJie 
interdisciplinary Irnportaj^oe of enerw education is erorhasized. 

Hie activity format used in the revised edition of HEAS includes a titler 
subject and grade level designationr a' ^hort description of the activityr 
learning objectivesr materials needed, approxiraate time required, and 
descriptions of the three jteses of the activity. A suggested evaluation 
section has been included, in most packets, to assist the instructor and/or 
learner in determining the extent to whidi each learner achieved each 
objective* Pollow-up or background information and a detailed activity 
description complete the format. 

Iowa is an excellent example of how enercy is an interrelated and 
interdependent resource. Iowa imports 98% of the energy it uses and has a hi^ 
potential for reducing its dependence on oiitside energy sources througfi 
conservation and alternative ener^ forms. Iowa's current energy dependence 
has a major impact on Iowa's eoonory and the ability of the state to compete in 
the industrial and agricultural conmunity. All segtents of Icwa's society 
involving service-related emplcyinentr agriculture, and industry, are iitf^acted 
ty enera^ costs and availability. 

The most obvious means of energy reduction is energy wnservation. More 
efficient use of enera^ resources available in Iowa (i.e. coal, wind, hydro, 
solar, gasohclf hLcraass) can hs^e a significant intact on the cost of 
production/distribution factors as fossil fuels begin to diminish in the 
twenty--first century. 

The revised IDEAS were developed ty dassroon teachers who realize the i^d to 
provide students with an enricher^ curriculum. Iowa's tradition of excellence 
in education has always pointed toward an improved future for our youth. msAS 
will provide the creative educator with a multitude of activities from v*:ich 
they can choose, adapt, and irrfsrwe. 

Ohe {^ofessional educator who ustrs lEEAS may adapt the activities for any 
classroom setting. Students will be given the basis to form an energy 
attitude, ethic, and philosophy which will serve them and the citizens of Iowa 
throu^out life. 



V 



Manbers of die ICEAS-ECAIS Revision Oommittee 



Duaiie Toomsenr Envirorroental Educaticai Cbnsultantf Departitent of Education 

D:.* Ibny Heitingr Research/Eciication Director r Ererg^ Divisionr Iowa Department 
of Natural Resources 



The following were responsible for the grade and/or subject level indicated: 
Primary Linda Scheuennann 



Intermediate 



Jar«y Swartz 



Heme Econcmics Viki Van I^svyk 



Industrial Arts 
and Technolo^ 
Education 

Language and 
Performing Arts 

Ifethesnatics 



Science 



Alan Glass 

Dr. Doug Larche 
Dorothea Trost 
Peggy Steff en 



Social Studies Steve Belting 



Roland-Story E3.ementary School 
Story Cityr Iowa 

Rogers Elementary Sdiool 
Mar^alltwH/ Iowa 

Woodrow Wilson Junior Hi^ School 
Council BluffSf Iowa 

Ballard Hi^ School 
Huxley f Iowa 



Grandview College 
Des Moinesr Iowa 

Sutherland Community Hi^ School 
Sutherland/ Iowa 

Ottunwa Hi^ School 
Ottunwar Iowa 

Oskaloosa Hi^ School 
Oskaloosar Icwa 



Advisory members included: 

Dr. Lynn Glass, Iowa State University 
Brian Johnson, Iowa Power and Ligfit 

Special Tribute to Jod/ Oossonr Des Moires grajiiic artist 
Notebook Ccver ty C^rd Doerr 



7 

ERIC 



Icwa Department of Natural ResouroeSf Enera^ Division 
Wallace Buildingr Des Moires, Icwa 50319 

Energy Hotline, 800-532-1114 or in Des Moires 281-7017 

Iowa Erergi^ Extension Servicer Ickia State University 
110 Iferston Hallr kaes, Iowa 50011. 515/294-6978 

National Erergy Fbundationr 4980 West Amelia Earhart Diive 
Salt Lake City, Utah 84116. 801/539-1406 

Erera^ and Self-Reliance Cfenterr 3500 Kingnan Boulevard 
Des Moiresr Iowa 50311. 515/277-0253 

National Erercy Information Center r £1-20 r Erergy Information 
Adnnini strati on, Fc»:restal Building, Room lF-048 
Was^iingtonr D.C,. 20585. 202/252-8800 

Ohe Erergy Education Projectr SONY at ALbanyr 1400 Wadiington Avenue 
P.O. Box 22100, Albaii^r New York 12222 

Ministry of Energy, 56 Wellesley Street West 
Toronto, Ontario, K7A2E7, Canada 

Bie NEED Projectr P. 0. Box 251&f Reston, Virginia 22090 
703/ 860-502 9 

U.S. Goveriment Printing Office, Washington, D.C 20402 
Your local public utility. 



vii 



SCIENCE 



The scientific ccnmunity has always considered the study of energy to be of 
prime inoportancer whether it be in the fields of chonistryr astrOTomyr biologyr 
geology, or j*ysics, Dnfortunately, the stu^ of energy m science has 
frequently not included the issues and iirpacts of energy use. Hiose areas ha^e 
traditionally been concerns of "social scientists." It is dear that we as 
educators Tttust tteal with the application of science principles ty focusing on 
issues that will affect students in the future. Energy literacy is essential 
for a generation of citizens who will be called upon to make decisio:is 
affecting the resources and health of Planet Earth, 

Uie 24 collected activities are designed to: 

1. present energy laws and principles in an interesting mannerr and 

2. develop student skills in acquiring information and making 
well-informed decisions about energy issues. 

They are intended as a starting point or idea bank for the stu<^ of energ/. 
YoUf the teacher, should adapt the activities to suit local reeds and 
equipnent. An effort was made to avoid duplicating activities between the six 
subiect areas ot the 6-12 lEEAS. You will find many additional activities well 
suited to the science classroan in other IDEAS packets. 

Ihe evaluation of student progress is an important indication that the 
objectives of a lesson have been met. You may wish to use the stated 
objectives at the beginning of each activity as a basis for developing test or 
quiz items. You may also wish to give the students a participation grade for 
the activities. Credit is appropriate if a student brings in materials. Sane 
activities, vrtiich do not have a specific objective easily written as a test 
item, may be given a completion grade. Althouc^ students who follow throu<^ 
with a cx^plex series of decisions have acoompli^ed a task, it is hard to 
evaluate their decision-making or problem-solving growth with multiple choice 
tests. A oon±)ination of many evaluation methods will encourage the self-esteon 
and success of every stuc'ent. 

To prevent unneces'jary duplication of materials alreacfy available, the 
solar activities of the New York Solar Energy Curriculijtm were not included. 
Please write to them at the address provided on the Resource page for a wealth 
of solar activities. 

Finally, it is hoped that you will use the learning cycle strategy and 
incorporate energy issues into your science courses. It is an important aspect 
of student learning e>5)erienoes whidi will assist students in developing 
problem-solving and decision-making skills. 

Peggy Steffen 
Contemporary Science 
Ottisnwa Hi^ School 
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RenematBie ws. Hon Eenemable HesQurces 



SDBJECT Science LEVEL 6-12 



ACTIVTPY IN BRIEF 

Students oorapcire the flow of water throu^ plastic tubing to renewable and 
non-renewable resouroes. 



CBJECTIVE 

At the end of the activity, the student will be able to: 

1. Corpute rates of flow with simple mathematical procedures. 
2* E5?)lain ejqonential growth. 

3. Collect data and graph an exponential growth curve. 

4. Identify what factors regolate resource oonsunption. 

5. Distinguish between renewable and non-renewable resourcx^s. 

6. List ways in which to decrease or minimize fuel consumption. 

7. Discuss the locations of and amounts in the reservoirs of non-renewable 

resources. 



MATERIALS TIME 

graduated cylinder 1 class period 

2 or 3 pieces of flexible plastic tubing 

of different diameters each about 3 feet 

long (1/8, 1/4, 3/8, l/'2" inside diameter 

recomnended) 
2 large jars, aquaria, or buckets 
stopwatch 

LEAFNDG CYCLE 

/WARENESS - Itiis activity is intended to focus attention on the concept of 
renewable resources and rate of use. It may be expanded to quantitative 
analysis later. 

OQNCEPr KVHiOPMENT - The teacher may opt to demonstrate a f^iortened version of 
the water activity as the awareness part of the learning jle and then have 
the students design an e^qperiment which will test the rate of flew vs. tube 
dieweter. After graphing data from 1/8, 1/4, 3/8, and 1/2" tubing they will 
have an exm^pLe of e)?)onential growth. Have students review, read, report and 
be tested on the concepts of renewables and rate of use. Discuss hw the 
reservoir and flow of water compare to those of fuels. 

Exanple l.s water or tydropower (and the sun) - reservoir can be refilled by 
precipitation e.g. the water cycle, if the precipitation comes as expected. 
What happens in case of drought? 
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Example 2. Fbssil fuels and Uranium - Nature's rate of icanufacturing these is 
so slow that the reservoir is not refilled like water is* Ask students to 
determine what factors influence rate of flow. 

APFLICATION - Have students brainstorm ways in which the Aroerican lifestyle 
could be changed to use erergy supplies more slowly. Students should try one 
of their suggestions for at least one week. Have them reflect on their 
experiences. Compare lifestyles of cultures with differing amounts of energy 
consumption^ 



FaJX3if in>/BACR3B0QND IMFORmTION 

Small increases in the diameter of the tubing make sizable increases in the 
rate of flow. To calculate the rate of flow: 

Rate of Flow « volume delivered (ml) 

tiiDe(sec) 

Ottier variables to be investigated are circunaference of the openingr surface 
area of tube in contact with waterr (surface area = circumference x length, or 
length x diameter pi)f frictional foroeSf and gravity. 

•Vhich Should I Buy?f " Project Learning Tree , p. 149-151. 'You've Ccme a Long 
Wayr Maybe," Project Learning Tree , p. 164. 



scDRCS OF Acnvrry 

Adapted fron I.D.E.A.S. ty Nancy Toll. 
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Renemable vs. lion Rscemsible Resources 

Neme 




ACPITTEY 

Set one oontainer on a desk or Uble and fill it 
nearly full of a measured aroount of water. Mark 
it with a sign that says "World Energy 
Resouroes". Put another container on the floor 
nearby. Fill one of the pieces of tubing with 
water. Put one end iiv3er water in the upper 
oont2dner. Bold the other end closed until it is 
lowered into the floor-level container. Have a 
student secretary record the time as you release 
this hose and water begins to flow into the lower 
container. Instruct the secretary to also rfxx)rd 
the time when the water stops flowing. 



Discussion: 

1. Coi^are the water flow to energy flew. 

2. If the water represented "fossil fuels"/ could the upper 
reservoir be refilled? Why? 

3. If the water represented solar or wind energy, could the 
reservoir be refilled? Why? 

4. Bow can the flow be slowed or increased? Take data on your idea. 

5. Does raising one of the buckets affect the rate of flew? 

6. Suwnarize how the water flow is anaJ.ogous to energy flow. 

7. What factors influence the rate of flow and the rate at which the 
reservoir is refilled? 



■ft 
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Humptg Oumptg*§ Dilomma 




SCBJECT 



Science 



LE7EL 



AcrivTry in brief 

Ohe student will look at an examExLe of the Laws of IhemocVnamics hy ccmparing 
the dilonma of Humpty Dumpty to energy. 



CBJECTIVE 

de student will be able to state the two Laws of Thennodynamics. 

First Law of themKxJynamics. When heat is converted to another fop of 
energy or when other forms of energy are converted to heatf there is no 
total loss of energy. In any change of fornif energy is lost to us as heat 
energyr but the total amount of energy remains the same. 

Second Law of Thermodynamics. Heat flews from objects with high 
temperatures to objects with lower temperatures. 

The La^ of Entropy is the restated Second Law of Biermydynamics. A natural 
process always takes pLace in such a direction as to cause an increase in 
the entropy of tiie universe. (Entropy describes the disorder of a systen.) 



MATERIALS TIME 

1 raw egg painted with a face 1 class period 

(clotheSf arms and legs are optional) 
1 trash can liner 
stack of books 



LEARNING CYCLE 

/BARENESS - Students wUl use the egg analogy to begin their development of the 
concepts. Before Humpty falls ask than to think about how Hixnpty and energy 
are alike. Ohen oomEdete the rest of the activity. 

OCNCEFT raVELOIOTNT - Reinforce the concept by discussing several other 
examples of the Laws of Ohermodynamics. For example, shew students a large jar 
of water and a small dropper full of food coloring. Present then as organized, 
naturally concentrated materials. Add the food coloring to the jar and watch 
the dispersal until it is evenly distributed. Hie jar has new gained entropy. 
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APPLICATION - All forms of energ/f when converted create waste heat. When work 
is done., heat energy is a l^product and is lost to us as usable energy. Since 
we cannot create more energ^ in the universe, what we do use becomes more 
diffuse and unusable. Involve students in an activity designed to make them 
aware of our throw-away society such as measuring the amount of trash their 
xmily produces in one week, or listing things that are routinely thrwn away 
which mic^t be recycled. 



FOIiOHJP/BACKGKCXJOT INFORMATION 

See "Paper COnsunptionr " "Would You Like Biat Wrappedr" "And a Side Order of 
Paper f" from Projec t Learning Tree . 

SODRCE OF ACTITITy 

Adapjted from I.D.E.A.S. by Peg Steffen. 




Humptg Dumptg s Dilemma 

ACTivrry 



Bunpty IXxnpty sat on a wallr 

HiHTipty Dunpty had a great fail. 

All the King's horses and all the King's men 

Couldii't put Huapty together again. 

Set a dressed-iq) raw egg on top of a stack of books covered with a 
trash can liner. Ask the students to think of Hisnpty as an er^rgy 
source. He is a well-organizedr neatly packaged arrangement. He also 
has potential energy because of his hei^t. 

After the fallr the arrangement is very disorderly and 
unrecognizable. Because none of the ccmponents were lost/ there was 
conservation of energy (First Law of Thermodynamics: Energy cannot be 
created or destroyed). Humpty resisted human efforts to restore his 
original stater in keeping with the Second Law of thermodynamics (The 
entropy or disorderliness of the universe is constantly increasing) . 

If he knew he was going to fallr could Himpty have put his potential 
energy to use? Students should brainstorm a variety of ways Humpty 
mi^t have changed his potential energy into useful work. Draw or 
make models of their ideas for homework. You may wish to use the 
border on this page to provide a backdrop to their original designs. 
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CgQdg Bir Energg ConTsrsioQs 



SUBJECT Science LEVEL 6-8 



ACTIVITY IN BRIEF 

Students analyze an ingredient f ran a candy bar wrapper to determine hew energy 
is converted during the processing. 



OBJECTIVE 

Students will explain that forms of energy can be converted and that energy is 
lost in the form of heat during those convers^'ons. 



MMERIALS TIME 1 class period 

1 candy bar per group of strients 

(Make sure ingredients are listed on the wrapper) 



LEAENDG CyOE 



WARENESS - Students should be familiar with the forms of energy before 
starting this activity so a brief discussion of light; heatr chemical/ 
mechanicalf electrical energy is in order. 

OdJCEPr MVELOPMENT - If the activity is done in class without reference 
materials encourage students to choose an ingredient they are somewhat familiar 
with in terms of growing and processing. 

If you are lucky enough to have encyclopedias or reference materials at hand, 
this would be a good library exercise. Another option is to assign the 
students to look up the processing as homework and bring the information to 
class to complete the activity. You may also assign the entire activity 
outside of class. 



APFLICATION - Follow-up questions. 

1. What has happened to most of the excess heat energy? 

2. How has the total supply of energy available in the world been diminished 
by the production of your candy bar? 

3. It is cannon for manufactured goods to require more energy in than is 
useable out. Is this true with the candy bar? 

4. A typical candy bar has 250 KCal. How might the body use that energy? 

5. What Tii^t be done to cut down on the amount of energy consumed in the 
candy bar example? 

6. What are some ways we can reduce our energy oonsunption from manufactured 
goods? Give specific examples. 
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IttLOJ-OP/BAOGKXJID IHFOIMMICN 

Enercjy in Society . Ontario Ministry of Education, p. 16-23, "Food Processing, 
Packaging, and Storing." "BiograE^y of a Favorite Thing," Project Learning 
Tree , p. 152. "Would You Like Otiat Wrapped?," Project Learning Tree , p. 
157^160. 

SCORCE OF hCITJTn 

Adapted f ran Energy in Society ty Peg Steffen. 





Candg Bar Energg Conversions 



Nome. 



1. Each student group will be given a candy bar. Study the ingredients 
and pick one to work with today. Put the name of that ingredient on 
the top of a large piece of butcher paper. 

2. List all steps in the production of that ingredient. Indicate what 
energy conversions happen at each step and hew energy is lost. Don't 
forget to include the distribution of the candy bars after 
production. A sampLe is provided below. 

3. When finished the class will cone together and discuss each flcwchart. 



SAhPLE FLOW CHART COCOA 
CONVERSION STEP HCW^ff AT IS LOST 



SUN 

L -- C i TO ATMOSPHERE 

COCOA TREE 

WORKERS PICK BEANS A^iD CARRY TO TRUCK 



C--H 
C - M,H 
C-M.H 
C-M.H 
H--C 



BODY HEAT TO ATMOSPHERE 
HEAT FROM EN6lf€S 
HEAT FROM ENSIf€S 
h€AT FROM EN6lf€S 
EXCESS HEAT IS VENTED 



TRUCK CARRIES TO BOAT 

BOAT TOMONTREAl 

TRAIN TO FACTORY 

BEANS ROASTtD AT 204* 
4- 

BEANS ARE MILLED. RELEASING COCOA BUTTIR 
E - M i FRICTION HEAT 

CHOCaATE ADDED TO SUGAR AND MILK; LIQUID IS EVAPORATED 
H - C 4. EXCESS HEAT IS VENTED 

CHOCOLATE IS RUBBED ACRCSS CORRUGATED GRANITE BASES 
E - M 4- FRICTION HEAT 

OWCOLATE IS MOLDED AND WRAPPED 
E - M 4- FRICTION «AT 

BARS ARE TRUCKED TO STORES 
C - M. H WASTE HEAT FROI ENGINES 

C- COMICAL ENERGY M » MECHANICAL Ef€R6Y 

£ • aECTRICAL ENERGY H - HEAT ENERGY(W JRNING OF FUEL ) 

L-L»eHT ENERGY 



standing on tbe Edge 



StBJECr Science LE7EL 6-8 



ACTIViry IN BRIEF 

StucJents will build a potential energy device to rescue friends f ran a 
dangerous pit. 



CBJECTIVE 

Each student will be able to: 

1. Explain the interrelationship between potential and kinetic energy. 

2. State examples of energy conversions. 

3. Propose reasons for the conversion of energy in manufacturing, or in 
farmingf or in construction/ and justify than. 



IMERIALS TIME 

lengths of string 1 meter long (1 per student) 45 minutes 

scissors (1 per 2 students) 

two paper clips per student, tape 

timer or watch 

pencils or pens as trees (students may provide) 



AWARENESS - Hhis activity is e:q>loratory in that students will wrestle with 
making a device to solve the problem. Resist the temptation to give them hints 
or helps. After the time limit, have each student share their solution. This 
allows for everyone to see many ideas and synthesize more. See sample solution 
on this page. 

OONCEPT OEVEIiOPMENT - Discuss the idea of potential energy (the tree at the 
top) and its usefulness in the situation. Go on to identify the changing of 
potential energy into kinetic energy as the tree falls. E^^iain that energy 
has been converted. Only when energy is converted is it useful to us. 

APPLICATION- Have students think of other situations in which potential energy' 
devices nii^t be useful. Such as, "How miglit very heavy •drawbridges' that lay 
across inoats of old castles have been operated ty one person using a potential 
energy device?" 

You might have students brainstorm a list of energy sources that contain 
potential energy (petroleum, wood, lydropcwer, tides, coal) . What must be done 
to make them convert their potential energy into kinetic energy? 

Cat out pictures of machines from newspapers and magazines. Hew do they turn 
potential energy into kinetic energy? 
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PQLLOW-'DP/BAC393RCIJND INPORMATION 



E ngineering in the Ancient World Lan(3elS/ J.G. University of California 
Press/ Berkeley. 1978 

SODRCE CF ACTIVnY 



Engineering in the Ancient World Lan^tels, J.G. University of California 
Pressf Berkeley. 1978 

Activity adapted f ran Activity Set 8: Potential Enerqy/ What Is Energy? / 
Ministry of Education/ Cbtario/ by Joseph Riesselman. 
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Name_ 

You and two other scientists (Sam and Sally) are traveling alone in one c£ the 
roost ranote jingles of the world searching for a rare black and white orchid 
plant* Sally spots the plant and just as ^e reaches down to examine itr the 
gromd gives way under both Sarn and Sally, Th^ fall into an underground cave 
many feet deep* Biey call up that there are many snakes, spider s, and creepy 
crawlers down there and would you please get them out as soon as possible? A 
shout f ran them alerts you to the fact that there is a ^s seeping around your 
friends. No Time To Lose 11 

The only equipment you have is a long rope, two hooks, and an axe. Your 
partners are too heavy for you to lift out directly just using the rope. 

Your problem is to lift then without going into the cave. You rieed to plan a 
potential energy device using the equipnent you have and rescue the expedition 
f ran disaster. Ccin You Do It? 

Your teadier will give you a rope (string), 2 hooks (paper clips), and an axe 
(scissors). Use the floor as the bottom of the pit, and the top of the desk as 
the top. Cut out the figure on this page and put it in the pit. Ohis is your 
objective. You will have 15 minutes. Good Luck 1 1 




Acnvrry in brief 

students will use food chains from their school lunch roenu to understand energy' 
flow and to begin activities that emphasize wise use of energy in food 
preparation. 



CBJECriTE 

Each student will describe the concepts of food chains, energy oonsunption, and 
conservation measures in food preparation. 

MATERIALS None TIME 1-4 class periods 



LEAiwDG cyaE 

AWARENESS - Kiase 1 and 2 are an introduction to the fooJ chain concept and the 
principle that energy is lost during each energy conversion on the food diain. 
It is also a chance for students to look at how their food is prepared and the 
energy consuined along the way. 

OONCEPT IffiVELQPMENT - In Phase 3, the students are asked to oonipare energy 
reguirenients in terms of cooking. For ease of calculations/ a typical 
conventional oven requires 3.8 kilowatts during 60 minutes of operation while a 
iidcrowave uses 1.5 during the same time. On a low setting a crock-pot uses 
.075 kilowatts per hour. On hi^ it uses 1.5 kilowatts. If you do not wish to 
take the time to have the students cook and time, these figures may be helpful 
in calculating relative energ^^ consumption. 

APaiCATION Ask the students to brainstorm conservation ideas about food in 
Fhase 4. (A list of brainstorm ideas is below) 

1. Plant your own fruits and vegetables. 

2. Collect plant refuse as compost which can be used as fertilizer. 

3. Fteed your pets from leftover food. 

4. Eat less candy and processed food and more fruits and vegetables. Buy 
fewer convenience foods. (OV dinners, pre-cooked foods, etc.) 

5. Purchase itsns in bulk. 

6. Find a way to re-use food containers. 

7. Use food-preservatiw techniques such as canning and drying. 
8* CXrt: down on the use of meat. 

Once a list has been generated the students need to put the list to use. 
It is suggested that students make posters or produce a pamphlet. You might 
have them write a story about a family that uses the ideas, or have the 
students try one of the ideas for a time at home. Whatever you decide, make 
sure that the students do more than brainstorm and list. You will ensure that 
the inf onnation will be remembered for a much longer time. 
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PXr^DP/EACRSMXIND IHRKtMMTON 

Hie Icwa state Extension Service will have infonnation for this activity. 
Magazines such as Organic hardening and Mother Earth News are als > good 
sources. 

Diet for a Hanet by Francis Lappa (fron Ballantine Books) includes 

infonnation and recipes for saving enera^ ty eating lower on the food chain. 

Scroe other ideas you mi^t explore are: 

1. Identify ways in which enera^ is wasted at fast food outlets. 

2. What other inethods of food purdiasing and packaging would result in energy 
savings? 

3. Do a controlled e^^^eriment on cooking in covered vs. uncoverfd containers. 

4. Investigate the enera^ reguiranents needsd to produce ready to eat products 
versus meals made frcm "scratch." 

SCDRCE OP ACTITITy 

Adapted from I.D.E.A.S. ty Peg Steffen. 



more for Less 



Name 



FOR !iBE STOEENT 

Energy conservation is not limited to using less electricityr or buying less fuel 
for your family car. You will investigate the energy requirements of the food you 
eat. 



Trace the energy route of todc^'s school lunch fran the sun to the student 
consumer. Since this may get corpLicated with too many food itemsf limit your 
diagram to four elements of the lunchf such as vegetable socp, breadf caker milk. 
Scroeone in the class may have to inquire about vrtiether the items were furnished in 
cans or whether th^ were made "on site". 

After you have finished the diagramr circle some areas that could be changed to use 
less energyo 

What food itans seemed to take the roost energy to eventually serve to students? 

Make a menu for 3 days' time that include items with low er^rgy needs. 
Would these menus be acceptable to other students? 



In the exercii^ above, you made a simple food chain that mi^t have been from the 
first energy sourcer the sun, to vegetation, to cattle, and finally to man. Ihere 
were many other steps as well. 



A general principle to remember about food chains is that with every conversion of 
energy from one step to another there is a loss of energy. Ihe shorter the food 
chain, the greater the percentage of solar energy that is available to the human 
consumer. Plant protein requires less energy input than does animal protein. Biat 
means that whole grains and legumes (beans, lentils^ peas), when substituted for 
meat or used as meat extenders, conserve energy. Milk, d)eese, eggs, fish and 
poultry require less than 20% of the energy input required for beef cattle and 
produce the seme amount of protein. So more "efficient" eating would usually mean 
menus low in grain-fed beef, hi^ in vegetable and animal produce substitutes. 



Phase 1: 



Riase 2: 




I cov % 




List seme ways in vrtiich Americans mi^t reduce the amount of animal protein 
consumed. 
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Hiase 3: 

There are a variety of wa/s in which food can be prepared or cooked. Qioose a 
simple one-pot meal and conpare the cost of cooking it in a conventional ov&i, a 
microwave, and a crock-pot. You will find the number of watts consumed per hour on 
the appliances. Ln order to have adequate conparisons, you might try cooking tha 
meal at horoe or in the home econcmics lab to obtain accurate times. Which method 
used the least amount of energy? 




Hiase 4: 



In addition to the conservation measures mentioned above, there are many things that 
can be done to reduce both the cost of food and the energy required to produce and 
prepci.-e food. Brainstorm a list of ideas and prepare a series of posters or a 
pamphlet on energy conservation ideas to publish for your school. You might also 
wi^ to expand your publication to include non-food related conservation techniques 
that you have learned. 



Water and Eoergg, a Drippg Business 



SOBJECr Science LEVEL 6-8 



hCUVrm IN BRIEF 

Calculating the amount of water wasted from a leaky faucet is the start of a 
study on hydropcwer generation. 



CBJECTITE 

Bie student will explain how energy is lost frcni leaking faucets and hew 
electricity is generated fron hydrcelectric power plants. 



MRTERIALS TIME 

per group or students - 1 graduated cylinder r 1-2 class periods 
pailf tojfter or stojvatch 



LEASNDC CYCLE 

BARENESS - Part A is an exercise in calculating volumes and time, but is an 
eye opener for students when the calculations are complete. During the 10 
minute wait, you mi^t discuss worldwide uses of water , sources of freshwater r 
and the body's need for water. After the calculations are complete^ follow up 
with a discussion about how energy is wasted f other water misuse. Have 
them consider sudi appliances as dishwashers^ cxothes washers^ baths versus 
showerSf etc. Discuss measures that mi^t be taken to conserve both water and 
energy. 

If you use a metric measuring device^ have students use the conversion of 3.78 
1/gal. to compare volume. 

OONCEPT DEVELOI "NT - Part B iS an introduction to hydroelectric power. Try to 
emphasize the fact that a lot of water is required to produce electricity 
althou^ the mmbers wil.i speak for themselves. As an additional note/ you 
raicjit find out how many liters are in a neigjiboring pond or lake and compare 
the nixnbers with the students' figures. 

APPLICATION - While Jydrcelectric power is an energy alternative, its use is 
limited and there are some enviroitnental impacts to its use. Oliese are listed 
below. 

Limits and Impacts: 

1) Rely on rain and snow melt to feed the systra. 

2) Hi^ cost of construction. 

3) Hinders the movement of fish. 
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4) Increases the siltation of river beds. 

5) Requires proper terredn. 

Have the students list benefits and oonsequenoes for hydroelectric power. Does 
one side outweigfi the other? 

POIiOf-DP/BACIGRDDN^ INFORMATION 

Find out if there is a hydroelectric dair, in year area. Hew rouch does it 
contribute to the area's electricity needs? 

KXJRGS OF ACTIVITy 

Adapted f ron\ Water and Energy r Ministry of Education^ CW^ricr by Peg Steffen. 
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Water aod Energg, a Drippg Busicssss 



FOR OHB soDEEMr Name. 



You will investigate the amount of water wasted f ran a dripping faucet. You 
will also be introduced to hydroelectric power generation. 

Materials you will need include a container to catch the drips, a graduated 
cylinder, and a timer or stopwatch to measure the nunber of drips per minute. 

PROCEDURE: PART A 

1. Place your container in the sink to catch the drips f ran the faucet. Set 
the faucet to allw water to drip at the rate c : about one drop per second. 

2. Time the drips for one minute and take an accurate count of the nunter of 
drips. 

Nunber of Drips per minute 



3. Allow the faucet to drip for 10 minutes. Measure the nunber of milliliters 
in your collecting container. 

Nunber of milliliters 



4. From your findings, calculate how much water would be collected in : 

an hour 

1 day 

1 week 

1 month 

X year 

Convert the 'hnonth" nunber to liters for future use. 

^gallons equals liters. (1 gal =3.78 liters) 

Assigxment for tomorrow: 

Find out how much water your family uses in one month. 
PROCEDURE PART B. 

1. Assune that the amount of electricity to operate a hot water heater for one 
month is 500 kilowatt hours. 

2 . Assune that your family had a drip of hot water each month equal to what 
you calculated in Part A. Use the "month" drip nunber in liters arid find its 
percentage of your family's total water use by dividing the anount of "drip" 
water by the total water used. 

Anount of "Drip" water in liters 
Total water use for one month in liters 

Multiply this number iy 500 to find the nunber of kilowatt hours neecfed to heat 
the "drip" water. 

Nunber of kilowatt hours_ 

Determine the cost of beating the wasted hot water by multiplying by $.073 per 
kilowatt hour. Cost 
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PROCEDURE: PA?T C 

Let's imagine that your electricity is proc3uoed by a hydroelectric dam in which 
falling water turns the wheel of turbines to produce electricity. 




It takes 12,009 liters of wate "^lling 30 meters to produce 1 kilowatt^hour of 
electricity. Determine how much water would have to fall to produce the 
electricity required to heat the "drip" water. 

Nunber of kilowatt hours X 12,000 = liters of falling water. 
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lESulatioo: lotBosH 



SDBJECr Science hffTEL 6-8 



ACTITm IN BRIEF 

Students will choose 3 insulating materials to test for insulating ability 
using a cardboard box and a lightbulb. 



CBJBCTI7E 

Each student will be able to: 



1. List the essential elements of scientific esq^erimentation. 

2. Will identify insulating and non-insulating materials. 



MAIERIALS TIME 

1 cardboard box per group 2 class periods 

ceramic sockets with 100 watt bulbs 

(1 per group) 
4 thermoneters per group 

insulating materials such as woolf aluminum foilf 
fiber glass, metal r newspaper r heme insulation, etc. 
scissors or knives, masking tape 



LEAFNDC CYCLE 

WARENESS - Before seeing this activity, explain to the students that they are 
going to build a new heme. Ask them, "Vhat insulation will you use in your 
hone to make it most energy efficient?" Visit the local lumberyard and find 
out \rfiat is available. TBiey might also wish to find out what is present in 
their own heme. In small groups (3-4) have the students discuss the 
insulations and pick three insulations they would like to test. 

OCNCEPr ESVELOPMENT - You may have students follow the directions on the front 
of this activity, or have the students write their cwn experimental design. 
(See also the alternative diagram below for the box set-up.) Review the 
essential elernents of good design before they start, but resist the temptation 
to direct their every move. Much is learned from mistakes I Students may wish 
to alter the design sudi as testing irore than three materials. Students should 
d^are responsibilities so that all temperature readings are taken during one 
trial. After they have gathered data, have than identify areas which might be 
inproved if this was done again. 

APHilCMION - 1. Have a resource person from a building industry or from a 
power ccmpary visit and explain R value to students. Have students compare 
their findings with the information presented. The power companies or the Iowa 
Energy Policy Council can furnish R value information. 
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2. Have students build or draw the models of hones. What c her techniques can 
be used to make a house more energy efficient? 

3, Have students build cardboard houses complete with insulation and test ther, 
using a bulb inside the ho- se for winter and a bulb outside the house for 
sutimer. Prepare a sunroary on the findings. 




FOiLCW-UP/BACroRaJND INFORMATION 

Many activities about insulation can be found in the New York Solar Energy 
Project. The address can be found on the page "Resource Organizations". See 
also "A CanFarison of Insulation Efficiencies" fron Project Learning Tree, r- 
179-180 

SCDRCE OF Acrivm 

Adapted fron Department of Energy's "Science Activities in Energy" tf^ Myrna 
Moore and Beg Stef fen 




Insulation: Hot Box It 
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You will be doing an e)?)er intent that will answer the following prc*)l€m: What materials 
are most effective in preventing heat loss (insulating)? 

Bie Eb^Jerimental vazieiAe is the different materials you will have to choose from. All 
other conditions of the experiment must remain the same. You need sane way to determine 
whether a material is more effective than another and so we will measure the temperatures 
before and after applying heat. Tat^rature change is the dependent variable. Cut up 
your box like the one diagrmoed here. 



LEAVE ToP 60WD 



OoTn>n 
^e OPEN 



COT 



TOP view u>iw0ov/0 



Next cover three windows with insula- 
ting materials. Why is one left open? 
Tape a thermometer to the outside of 
each insulating material. Hang one 
into the center of the open window. 

Make a data table to record the rise in 
temperature for the different materials. 
A sample is shown. 

Record the starting temperatures of all windows. Place a li^t in the center of the box 
and turn it on for 5 minutes. Record the rise in temperature for all insulations. 
What dc you conclude about the effectiveness of the insulation types you used? 




TYPE OF 


MINUIE 


TEMPERATURE 


MMERIAL 








Start 


Start 


A. 


1. 


1. 




2. 


2. 




3. 


3. 




4. 


4. 




5. 


5. 




Start 


Sta-t 


B. 


1. 


1. 




2. 


2. 




3. 


3. 




4. 


4. 




5. 


5. 




Start 


Start 


C. 


1. 


1. 




2. 


2. 




3. 


3. 




4. 


4. 




5. 


5. 




Start 


Start 


D.O0NTOCL 


1. 


1. 




2. 


2. 




3> 


3. 




4. 


4. 




5. 


5. 
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Electric Lusuries/necessitiis 



SOBJECT 



Science 



LETEL 



6-8 



ACTlTirY IH BRIEP 

Students will survey their hone for electrical itenis and then discuss why sane 
ndc^t be considered luxuries and sooe recessities. 



During the activity f the student will examine his/her dependence on 
electricity. At the end of the activity each student will be able to 1) 
describe what electrical items constitute a necessity # and 2) will explain a 
lifestyle whidi uses less electricity. 



LBMRNINS CrOiE 

WAREJESS - Students diould list all electrical items in the initial survey of 
their house. 

OONCEPT DEVELOPMENT - During the discussion, students ^ould explain why they 
consider sane electrical items to be luxuries and others necessities. 
In question 4, have students consider handicap^d persons whose lives are made 
easier ty electrical appliances, and how people depend on electrical life 
si^jport systems. 

APHilCATIDN - Examining lifestyles f ran other countries is a good way to 
canpiete this activity. You mi^t simply finish with the last discussion 
questions or you might assign the students to investigate a lifestyle of their 
choice and report on how energy is used. 



FGI^[i(M-OP/BAC195Ra^ IHFORIATION 

"Uie 'Good* cad Deys, " and "A Vcyage Back in Time,*' CXmoOR i Depbnent of Public 
Instructicai. "A Siniler Life," Project Learning Tree , p. 173. 

SODRCB OP AGTITTEY 

Adapted from I.D.E.A.S* ty Marjorie Gcwdy and Peg Steffen. 



OBJECTIVE 



MA5ERIALS 



TIME 



NcHie 



1 class period 
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Electric Luxuries/necessities 

usmnt Name. 



1. Make a list of all electrical items in your hone. Where possible, list the 
nanber of watts that each itesn consumes. Indicate how nany hours per an 
iten is used. 

Sen^e data Table: 



Electrical Iten 


Number of Watts 


Hours used/day 


2. As a class you will f i: 


LI out two coluranSf or^ for luxi 


iries and one for 



neoessitites. Give the teacher electrical items from your list for the columns. 

3. As a clasSf vote on the five itens f ran the necessities column that would make 
your life difficult if you had to do without them. Vote on five items from the 
luxuries columi that would be easy to live without. 

Discussion questions: 

1. Were you surprised at the list you generated from home? 



2. How are these items a help to us? 




3. Hew did you decide that seme items were a necessity? 



4. What people might find some items that we consider a luxury to be a necessity? 



5. What alternatives can te used in place of some the luxury items? 



6. Describe the lifestyle of a fanily \fbo uses no electricity? 



7. What things can we do to cut down on the amount of electricity we use? 



8. What lifestyle changes would we have to make in order to drastically cut down on 
the amount of electricity oonsun^stion? 
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Solsr Potpoum 



SDBJECr Science LE^ 6-8 



ACPIVITy IN BRIEF 

Hie stuctents will have a variety of solar e55)erienoes to prepare than for the 
final activityf designing a solar cooker. 



CBJECTIVE 

Eacii student will be able to illustrate the elements of solar design and will 
describe practical uses of solar energy. 



kkeebimjS time 

Indicated on each activity 1-2 weeks 



LEAFNnG eyas 

MARENESS - Activity 1 is intended to spark student interest and to involve 
them in simpOLe solar design. Ihis should be limited to one or two class 
periods. Hhen move on to other activities that will reinforce what they have 
discovered. 

OCNGEPT DEVELOPMENT - Activities 2,3, and 4 are exercises to show students 
ways in which solar energy is used and elements of solar design. You may do 
any nunber of these depending on your time frame. An idea to save time and yet 
expose students to all activities/ is to split the class into groups, each of 
which is assigned a different activity. At the oonclusionf each group reports 
their findings to the class. 

Special notes about Activity 4: A Solar Still (Solar Desalinizer) : You may 
substitute a plastic shoe box in place of the large glass jar. Do not expect 
results in a single class period. Try to find a warm and sunny location wliere 
the still may sit for a least 24 hours. EX^entually a mist of fresh water will 
collect on the surface of the plastic and sane will drip into the glass. 
Should cloudy weather prevail/ a sun lamp will get results more quickly. Biis 
is not reocmmended because students get a false inpression of easy, instant 
results. 

If an area of the schoolyard is available for digging a shallow pit 30-40 cm 
deep, students may construct a basic survival still using a clean jar, beaker, 
or can for the collector and a piece of plastic storm window sheeting for a 
ewer. Set up as illustrated. Water tends to cling to plastic so a relatively 
steep incline is important to get droplets rolling. Mark the hole so no one 
will accidently step into it. Let the still set undisturbed for 2 to 24 hours. 
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PFBLlCfiTlOti - Activity 5 is included to give stu(tents a chance to (fesign emd 
test a sdar device using the principles the/ have been exposed to. As an 
option, you may have students design a passive solar house and construct a 
sL-npLe model. For additional free informationf contact the Icwa State 
Extension Service in your count .7, or the Icwa Extension Service, Iowa State 
University, 110 Marston Hall, ^Ws, Ia;a 50011. Icwa Energy Hotline: 
800-532-1114. 

EVALUATION - 1) What are three w^s in which passive solar energy mi^t be used 
hy individuals? 2) What is the effect of overhang on the amount of sun that 
strikes a window? 3) What components are used in the design and construction 
of solar cookers? 



RXl/]if-UP/BACI93Ra]IlD INFORMATION 

You will find mary excellent solar activities and information f ran: 

SOi-cJ 80 's , Florida Sdar Energy Center, 300 State Rd. 401, Cape Canaveral, FL 
32920 

National Solar Heating and Cooling Center, P. a Box 1607, Rockville, MD 20850 

"Solar Eneroy II, " from Science Activities in Energy , Merican Museum of 
Science and Energy, P.O. Box 117, Oak Ridge, TO 37830 

Secondary Solar Energy Education Curriculun , Sdar Energy Project, SJNY at 
Albany, 1400 Washington Avenue, P.O. Box 22100, Albany, NY 12222 

^XIRCS OF ACTIVITY 

Adapted fron I.D.E.A.S. ty Fred Worrdl, Bernard Hermanson, and Peg Steffen. 
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Solar Potpourri 

Name 
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Experiment 1: Solar Egg Cbokery 

Materia 3 you will need; square metal plates large enou^ to hold a frying 
eggr eggs, styrof oam pieoes, cardboardf alurainum/ glass panes, plastic wrap, 

A. ELaoe the plates in the sun. Allow time for the plates to heat up. Try to 
fry an egg on the pLate. Tlake note of cooking time. 

B. If your egg did not cook or took too long to f ry, brainstorm ways to 
increase the speed of the solar plate. Imprcve your plate and make a drawing 
of your final design. 

Cook another egg and cxxnpare the time with your first attanpt. Are there 
ary improvements that would increase the cooking time even yet? 



Experiment 2: Solar "Shades" 

Materials you will need; several cups of ice cubes, a wooden board 18" x 12" r 
glass bottle with lid, heat lanp or sunlight. 

A. Put one cup of ice cubes inside the glass bottle. EL ace the wooden board 
ever the bottle to simulate different overhangs as shown belovr, 

B. Place a small heat lamp hi<^ over the bottle to simulte the sunmer sun. 
Record the time to melt the ice cubes for each of the two sunnmer overhangs. 
(Mo^^e the piece of board to simulate first a large overhang and then a small 
overhang.) 

C. Do the same for the winter sun, only reduce the angle of the li^t ta/s to 
the horizontal plane. 

D. What is the effect of an overhang on protection from the sun? 



summer 



heat lamp 




glass 
ce cubes 




winter 



large overt>ang 



no overtiar>g 





large overhaf>g 



rx) overhang 
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Bq?eri»ent 3: Solar Fruit Dryer 

Kateriais you will need; a large cardboard box, 3 metal ooat hangarsr wire 
screeningr Fiastic wrapr black spra/ paint. 

A. Ihe design is pictured below. Make iirprovements as you see fit. 

B. After canpletionf test your dryer out with a variety of foods. 

C* Calculate the energy saved fcy solar drying foods as compared to storing in 
the freezer or canning. 

Bos iff li^d m\h Mock 



Experiment 4: Solar Still 

Materials you will need; a glass bowl or large beaker, table salt, plastic 
wrapf drinking glass or small beaker, marbleSf newspapers, rubber band. 

Pu Prepare salt water using 3.5 g table salt for every liter of water. 

B. Wash and dry marbles so that they are clean. 

C. Organize the materials as shown in the diagram. Put sane marbles in the 
beaker to keep it from turning over. Put the plastic food wrap loosely 
around the top. Secure the edges with tape or a rubber baruJ. Then put one 
marble on the wrap so that it dips significantly ever the small beaker. 

D. Put the still on newspapers (for insulation) on the ground in direct 
sunli^t. Leave it undisturbed for an hour or more. You can leave it 
cr ernight and reclaim 24 hours later if you have a quiet location. 



&fi&g«r9 foraaur rdck. 




Sar«n OTOp or 
clear viayl at 45 
degrees 



3 coQt hangaiff 
forasi (rait xnc^ 
6" from bottoEa 



7e&tilatiofi slots ofi both sides of 
bos, high dod lot?. 




m 
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Solar Still 
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plastic cover 
(depressed at 
34" angle) 




^ newspapers 



Questions: 

1. Notice the appearance of the plastic cover. What has h^pened? 



1. 
3, 

6. 



Remove the cover and exandne its underside. Put sane drops on your finger 
and taste it. It tastes like . 

Rencve the glass. Carefully take out the marbles. Examine the remaining 
contents. What is it? 

Hew did the "new" material get into the glass? Was work done? 
What does "distillation" mean? 

Find out how this "desalinization" is done around the world. Where are 
people most interested in getting fresli water from salt water? 



Experiment 5: Sdar Cooker Design 

Your assignment is to design^ construct/ and test a solar device to perform a 
specific function useful in the preparation of food or drink. You can use 
elenents of activities we have done/ but you must make improvements and 
redesign where neoessar^^ Your teacher will tell you vrtiether to work in groups 
or individually. Construction will take place outside of school so that your 
design is secret until the day of final unveiling. You will be responsible for 
finding the following before you turn in your project: 

1. Pood or drink intended for use in cooker. 

2. Maximum temperature achieved. 

3. Time for cooking under optimum conditions. 

4. Cost of the device. 

5. Imprcveroents you would mu.:e next time. 



erJc 



40 



S39 

Hidden Helpers 



ACTlVITy IN BRIBP 

Students create a vis^oal representation of the energy consumption of the U.S. 
compared to other countries of the world. 



(BTECriVE 



Each student will 1) compare the U.S. consunption cf energy to that of the rest 
of the world. Students will 2) at the end of the activityf examine their 
lifestyle to &tennine ways in which to cut down on the nunber of "hidden 
helpers". 



ktesiNjS tike 

Poster boardf white butcher papeif 1-2 clacc perir^^ 

magic markers^ crayons^ rulerSf 
old magazineSf glue^ ♦-ape/ scissorsf 
paint/ graph paper, construction paper 



LEAENIK3 CYaE 

AWARENESS - This activity is an awareness activity for the students to examine 
the data and draw conclusions. After the construction of the pictures, have 
the students ejqplain their creations to the class. Ihis will help then to 
verbalize their thoughts and to hear vrtiat the others thought about the d^ta. 

CXNCEPT MVELOPMENT - Qass Discussion: 

1. In mary ways our energy helpers have served us well/ carrying us rapidly 
around the world; bringing delicacies f rem long distances, like coffee frcm 
Africa and pineaj^es from Mexico; producing durable goods, plowing fields, 
carrying messages, and resculpturing the earth. What dianges in our lifestyle 
will have to happen in order to cut our nunber of energy helpers in half? 

2. What do you think will h^^n to the number cf hidden helpers if scarcity 
makes than mere and more expensive? Who will have the most energy helpers? 

3e What do you think will happen to the number of helpers we have if the rest 
of the world starts consuminy energy as fast as we do? 

APHilCATKN - Have the students use the accompanying "Lifestyle Survey" to 
determine ./here much of the energy is used. Have thm list suggestions for 
dianges that would have a significant effect on the amount of energy consuried. 
Have them choose one suggestion and try it for a week What is their reaction? 



SOORCB OP ACTIVITY 
^ Adapted fron I.D.E.A.S. ty Peg Steffen 
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USA 


■ ■■■■■■■IIHIIRIlHMilJKIIHHIIjlllll 

JFlk J^lk. J^k. j^^k. jJF^ i#f 


USSR 




France 


« HIDDEN 


Jaoan 

of %Mm^%m mm 


J HtLrtK^ 


Mexico 


^ nn = ten "hidden helpers" 


China 




Kenya 


1 


World 

Average 









Hidden Helpers s4i 

Nnme_ - 

ACPivrnf; 

Visualize a ration of 2500 calories/day as equivalent to the average wel^-fed 
person's consunption in food. Call this one human "person power". Ihen the 
average daily energy consumption of pec^ie in various countries can be conpared 
^ to having amies of hidden helpers moving and shaping the eixvironnent. 

In manj^ countries there is little commercial energy available and the main 
sources of ^er are peopae and firewood. The People's Republic of China is an 
example of a country tiiat relies heavily on people-power for agriculture and 
major construction projects. 

Dse the follcwing chart as background information to develop a visual image of 
hew Anericans consume energy in relation to the rest of the world. You may 
make a jx>ster, collage, cartoon, graph, storybook, etc. 

Energy Helpers 

Per Person/Day* Country Region 



99 
51 
46 
45 
40 
40 
33 
28 
27 



U. S. 

Australia 

Sweden 

W. Germany 

bi:itaj.n 

U.S.S.R. 

France 

Japan 

New Zealand 

Italy 

Israel 



North Anerica 
Ooeania 
W. Europe 
W. Europe 
W. Europe 
E. Europe 
W. Europe 
Asia 
Oceania 
W. Europe 
Middle East 



16 



WOUiD AVERA3E 



14 
12 
9 
8 
6 
5 
4 
2 
1 

0.2 
0.1 



Argentina 

Iran 

Mexico 

Korea 

Brazil 

China 

Egypt 

Irdia 

Viet Nam 

Kenya 

Nepal 



S. Anerica 
Middle East 
C Arierica 
Asia 

S. Anerica 

Asia 

Africa 

Asia 

Asia 

Africa 

Asia 



* U.S. ratio is based on statistics for ei^rgy consumption released ty DOE. 
Other countries* ratios are based on energy consumption statistics fran the 
United Nations. 



S42 

800RCBS: LIFESTHiE SURREY 



OcxnpBire the amount of energy used for your standard of living with that of 
soroeone in a developing nation such as Msxicx) or China. In each category give an 
example of how energy is used. Indicate whetlier there is M = much energy used, L 
little energy used or N=no energy used. The first category has been done lor you. 



USE OF ENERGY 


U.S. 


UNDEVELOPED NATION 


Transportation 


Plana, car, train 
or bus 
M 


Walkf bici'clef bus 
L 


Initial Cost of 
House csonst ruction 






House UokeeD 

(lawnf paintf repairs) 






ODnsuner Goods 
( records f make^i5>f 
hobbieSf tcysf TV, 
nagazinesf etc.) 







Electricity Use 
(Give Minutes/day) 
*Radio - TV 
*Air Oonditic^ing 
♦Heating 
♦Power tools 
*aockf iron 
*Dish^«^asheL 
*Qothes washer 
♦Qothes dryer 
*Li^ts 

♦Sewing machine 
♦Ttelephone 
♦Misc. i^3plianoes 



Qothing 



Pood (prooessingf 
transp:>rta* lon^ prep* ) 



Recreation 



Energg mi filliliiigi 
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SDBJECT Science LEVEL 6-8 



ERLC 



ACPlVrrY INBRIEP 

students will collect samples of nedia which represent er^ra^ attitudes in 
ita'^^rica, Diey will develop a ptLan of action to alter one energy attitude. 



CBJECriVE 

Each student will examir^ public attitudes towards e.iergy. 



MATERIALS TIME 

None 1-2 class periods 

LEARJDG CyaE 

iWARENESS - Ihis is an awareness activity designed to have students examine the 
public's beliefs and attitudes about energy, Oiey should also understand that 
attitudes affect actions, 

OONQEPT DEVELOPMENT - Students mi^t be asked to write a *ort paper about 
their present attitudes about energy and how those attitudes affect their 
lifestyle and energy use. Or, they micjit be assigned to develop a survey tool 
and sample the canmunity or school population about energy attitudes, 

APHilCATION - After the students have developed a plan of action for the 
activity (question 5), they should put part of it into effect, such as produce 
a poster, conanercialf song, photo essay, etc, !Eiese should be shared with the 
class and/or with the school and canmunity. You mi^t even plan to do a media 
blitz or put the students' plans into action during Energy Education Week, held 
in March each year. Students should critique the results of their plan of 
action. Was it effective? How could it be inproved? 

Use an attitude or belief as the hub of a futures wheel (see Trends and 
CcHisequenoes) , Assume that this belief is the basis for everyday choices and 
actions ty the majority of Americans, 

Research American Indian beliefs about the use of natural resources and compare 
them to widespread attitudes held tod^. 
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FOilXW-OP/BACRSRailB INFORMATION 

Discarded copies of ^orbeS f Fortune / New Yorker r Business week ; Time / Newaveek f 
and Wall Street Journal are especially good resources for this activity if you 
wi^ to provide seme for the students. 

SODRCE C3F ACTIVrPy 



Adapted from I.D.E.A.S. fcy i^teffen 



T4b 



Energg and Httitudes 

ACTIVITY 



Collect ads and articles from nagaziiieSf newspaperSf and reports fr m 
television for 1 or 2 weeks that express values about the use of energy 
materials. For each itesn turned inr write a sentence or two about: 

a. the attitude or beliefs of the advertiser or writer as stated or 
iniplied in the ad, andr 

b- the effect of the picture or text on the reader 



You will report your findings to the class and/or turn in the articles that 
have been found. 

lOye class will then produce a large chart of the attitudes found. 
DISCDSSICN QU^ICWS 




1. What are the prevailing beliefs and attitudes of the American public today 
about energy? 



2. Are these beliefs and attitudes consistent with what you believe? E)q)lain. 



3. Hew are the attitudes affecting our energy use? 



4. What steps mi^t be taken to influence the publ:' : about the need to 
conserve erergy resources? 



5. Develop a plan of action to change one attitucte presently teld ty the 
public. 
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io With the Fiom: Thsn&ameters and Heal 



— £HJBJfiCX Science LEVEL 6-12 



ACTlVjry IH BKIBP 

Water and Air thermaneters are used to introduce the concept of heat and 
temperature. Students are then asked to investigate heat storage and specific 
heat« 



OBJECTIVE 

Eadi student will be able to list methods for measurini the heat of their 
surroundings and defin e the concept of beat and storage ability (specific 
heat). 



NMSKIMiS TIME 

Listed for the student in each activity. 1-2 class periods 

Activity 3 also requires styrofoam cups/ 
a thenncraeter in each, ethyl alcohol, 
7% salt water (70 g salt in one liter water) . 
All jars that are used should be the same size 
(peanut butter or mayo jars) . Bie lids can be 
fitted with a styrof cam lining. 

Advance preparation: Freeze a thermaneter in the center of each styrofoam 
cup. Biese are the "popsicles. " You will need 1/student or group. Allow tap 
water, salt solution, and alcohol to reach room temperature before the 
activity. Assign each group to do one of 4 tests with the "popsicle. " 
Group A. Control uses no solution in jar. 
Group B. 100 ml of alcohol in jar. 
Group C 100 nO. of tap water in jar. 
Group D. 100 ml of salt solution in jar. 



LBABGIIIIS OrOiE 



iWARENESS - Activity 1 and 2 are designed to give a quick introduction to the 
limitations encountered in measuring temperature or the average level of heat 
in a local environment. The amount of heat a material ebsorbs before it 
changes a voluroe significantly varies with the material* Fluids generally 
respond more rapidly than solids. 

Expected results for Activity 1 and 2: 

Water thermometer - The water will readily rise or fall ty heating or cooling. 
On refrigeration the water level may go A)wn so far as to empty the glass tube 
making calibration impossible. You mic^t note that air pressure also affects 
the water themonieter as constructed because it is not evacuated and sealed as 
ooranercial ones are and so are more sensitive to air pressure changes. 
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Air thermometer - Tl>e talloon' s change may be hard to measure. If the balloon 
was sligjitly inflated and attached in the coldest expected envirom^entf and if 
markings were inked in carefully spaced intervals on the skinr the degree of 
expansion on wanning could be measured or quantified as a function of the 
increased distance between those markings. 

OCNCEPT DEVELOPMENT - Activity 3 is an introduction to the cc»icept of "specific 
heat#" You will want to reinforce the concept after conclusions have been 
drawn from the activity. 

E3?)ected results: 

The air temperature inside the jars will drop rapidly 

during the first two to four minutes and then level 

off. Bie "popside" temperature remains near oo C 

It appears that some heat is "lost" from the fluids 

without any noticeable gain fcy the popsicle or ty the 

outside thermometer either. Students will probably 

not notice aiy diange in the "air" jar. Bie question 

iSf "Where did the extra heat come f ran in the other 

jars to start melting the ice?" The ability of 

materials to absorb heat is an individual characteristic 

of each. The amount of heat necessary to raise one gram of a material lo C is 

called "specific heat." For liquid water^ that unit is one calorie. For most 

other substanoeSf that unit is sane fraction of a calorie. So a group of 

materials at the same temperature does NOT contain the same amount of heatr 

gram per gram* This concept is important in choosing materials for heat 

storage systems. 

APHiICATIDN - Materials which are condensed or frozen release stored heat to 
the envirorment without changing temperature themselves. Water^ the most 
widely available "heat ^ngef " absorbs or releases 80 cal/gram as it melts or 
freezes. Water exdianges heat at a rate of 540 cal/gram at its boiling point. 
These phase changes are very injaortant when heat storage is desired* as in 
solar heat-^ ig systems. Eutectic salts and paraffin are sanetimes used because 
their melting/freezing temperatures and acoanpanying peak of heat storage and 
release lie in the 2e<>-490 c range which is easily obtained ty solar 
coHectionr even cn cold winter days. 

Activities that you migjit do at this point are: 

1. An investigation of thermal expansion of building materials. 

2. An investigation of active solar systems in hones and businessese 

3. The heat storage capacity of salts. (See "Storing Solar Energy in Salts 
and Paraffin" in the New York Solar Energy Curriculum. 

Available fran: Solar Energy Project/ SONY at Albany, 
1400 Wadiiiigton Avenue, P. a Box 22100 
Albany, N.y. 12222 



SOQRCE OP ACjnvm 

Adapted from I.D.E.A*S. ty Peg Steffen 
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Go With the Flom: Thermometers and Heat 

Name 
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Acrivm! 




You will investigate tanperature and heat with several types of rrvaterials. 
ACnvm 1: Water Thermcmeter 

Materials incluc3e an Erlenmeyer flask or bottle with a neck that can acoeE* a 
one-hole ruW^er stopperr rubber stopper with one holer 6" glass tubing, food 
ooloringr thermaneter 




GLASS TUBING 



ONE- HOLE STO*>PER 



^^.^^m.^^^^ COLOREOWATER 



TLASK 



Procedure: 

Fill the flask with water. Add food 
coloring to make the water easier 
to see. Using liquid soap or 
glyceri 3 as a lubricant, fit the 
^ass tubing into the rubber stopper 
so tiiat the lower end barely extends 
beyond the stopper bottom. Put the 
stopper into the flask as shown in the 
sketchr forcing out any extra water. 
Mark the water level in the glass tube 
with a grease pencil or magic marker 
and noi^» the tanperature on a standard 
thermaneter. Compare your device with 
those of classonates* 

Is the water level the same in all? 
Expose the water thermaneter to as many 
different conditions as you can. .-and mark 
the water level for eadi of these conditions. 
Wly would this thermaneter not be used in 
outdoor conditions? 

ACrwiry 2; Air Ohermoneter 

Materials you will need include a pop bottle or flaskr a ballocxi, hot water and 
icer and a anall pail. 

Procedure: 

Stretch the balloon caning over the mouth of the bottle. 
Set the bottle in a pail or beaker of boiling hot water. 
Either describe or make a picture of any dianges in the 
balloon. Next put your air thermometer into a beaker or 
pail of ice water. (You may also use a refrigerator) . 
Describe \^at happens to the balloon. 
How <X)uld you calibrate an air thermaneter? 
How could you make an air thermaneter that 
would be more sensitive to temperature 
changes than tl:ie one you have? 



WATER THERISOMETER 
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AC2rivrry 3: Heat Flow and Heat Storage 

Materials: Each student or group of students 
will need a "popsicle"/ two small thennoneterSf 
a glass jar in which the "popsicle" will fit, 
an insulated jar lid or a book wrapped in 
plastiCf and a solution assigned by the teacher 
to test. 

Procedure; 

Lay one thermoneter on the desk where you are working and record the "roan 
teniperature". TIape a snail thermometer to the inside of the glass jar with its 
bulb just touching the botton of the jar. Read the temperature and record it. 
Then put a "popsicle" without its styrofoam jacket into the jar, keeping it 
fran touching the thermoneter or the jar wall. Your teacher will tell you if 
you are to add anything to the jar before you put on the insulated lid. If you 
are adding a liquid, record tha temperature of the liquid before you add it to 
the glads jar. 

You will record the temperature of the thermometer in the "popsicle" and in the 
jar every minute for 15 minutes. You will read the room thenncmeter at the 
same time. Record axr/ conservations and share class results. Make graphs of 
the results to show the change in temperature over time of the jar 
thermometers. 

lo Which jar had the lowest tenperature after 15 minutes? 

2. What factors were kept the same (controlled) in the four different 
set-ups? What was the experimental variable? 

3. Try to give some explanation for the temperature readings of the 
popsicle thermometer. 



Which fluid is the best heat storage medium? 



ERIC 
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Hot Cars and the Steamg Esirlli 



SiBJBCr Science r.i H/p i, 9-12 



ACFI7HY IN BRIEF 

Bie effect of the sun's energi^ i the temperature of car interiors is an 
example of the Greenhouse Effect* Students investigate variata.es with 
automobiles and piastic boxes before discussing the earth and it's temperature* 



CBJEGTIVB 

2.Hch ^^udent will i nvesticate the phencraenon of the greenhouse effect and 
catjare the findings to the effect of 032 on the earth's tanperature. 



mZERIALS TIME 

ThermometerSf tape ineasuresr graph paper 1-3 class periods 

Invention activity; Plastic shoe boxesr 
wax paper f white paper r black 
construction paper 



LBABNDG OTCLE 

WARENESS - For the activity, use as many different ^ypes of autonobiles as 
possibler especially newer canpact hatchhicks and pre-1978 dctestic sedans* 
Due to several variables (such as color) i^udpnt data will be contradictory. 

CXNCEFP DEVELOPMENT ~ At this point, the class can go in one or more of several 
directions* 

1* Try to isolate the variables of area/volume ratio as a factor that 

influences the temperature of the closed up automobiles* Using plastic 
dioe boxeSf each group covers up a different percent of the box with heavy 
paper (all the sane color) • Expose to the bri^t sun and record the 
maximum temperature* 
2. Investigate whether color influences the temperature inside the ^oe boxes* 
3* Investigate the effect of coverings on temperature, (doth ^J-uninum/ foilr 
wax paper, black paper)* 

Using plastic shoe boxes the students will find they can more easily control 
the variables. Bie same calculations as were done with the autonobiles can be 
done with the bOAcS. By doing a series of e^^iiiiKincB witxi uie boxf txie 
student should get a better idea of what variables are important to the 
teroperatiire increase. Uie sun works best as a ligfit sourcer but incandescent 
lamps will also work. 

At th3 conclusion of the experimentation, introduce to students the idea that 
the earth acts like an automobile or shoe box in that 002 traps the sun*s hsat 
energ/* Bus is the greenhouse effect. 



53 



S52 



APELICATION - 

1. Have the students investigate the j^oblem of air pollution and the 
greenhouse effect. What possible solutions might limit the amount cf O02 in 
the atmosrfiere? What mi^t happen if the greenhouse continues to heat up the 
earth's ciimate? 

2« Arrange a field trip to a local greenhouse. How is the greenhouse able to 
manage the sun's light in maintaining growing temperatures? 



P(LLOW-DP/BACR3Ra3ND INPCRMATION 

A Guide to the Study of Environmental Pollution. Prentice-Hall, 1972 

soDRCE OF ACTivrry 

Written by Dr. George R. Davis 



Cars and the Steamg Earth 

Nome- 
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You will be pLaoed in a group of 3 or 4. Each group will need a themoneter 
and a ta^^ measure. You will record the following data f ran an autcroobUe that 
has been sitting in the sun. 

1. Air teraperature outside of the autoniobile (celsius). 



2. Maximun air tenperature iriide of the autonobile with windows rolled 



3. Maximum air temperature inside of the automobile with windows rolled 
down. 



4. Determine by measureraent the total area of glass on the autonobile. 
(in square meters) 



5. Detenrdne by measureraent the volume of passenger conpartroent. 
(in cubic meters) 



6. Calculate the glass surface area to volume of passenger conpartment 

7. Make^ ftoikx and color of autonc^ile. 



Ihe class will organize the data and graph the maximun temperature inside the 
autcmd:)iles with the windows rolled up ctnd its glass surface area to passenger 
oon5>artment ratio. 



Were any of the windows tinted? 
Did it make any difference in the temperature? 
:5cuss your findings. 



Suggested table for class data: 

(C.W.=closed windoWf Ci.W.=open window) 



Car 
a/pe 



Car 
(3olor 



Area of 
Glass 



Volume 



aTv 
Ratio 



C.W. 

Temp. 



O.W. 

Itenp. 



Air 
Itemp. 
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Trends aiid Consequences 



OBJECT Science LE7EL 9-12 



ACSPITiry IN BRIEF 

A future's wheel is designed to examine consequences from the use of 
tedmology. Bie students will use either an energy trend or an energi' 
oonsuning device in constructing a sample wheel. 



ERIC 



CBJECTIVE 

The student will e35)lain the consequences of an energy trend or innovation. 

leiERIALS TIME 

Large pieces of paper^ magic markers 1 class period 

LBMNDG C^OE 

WAEIENESS - Students are frequently made aware of energy alternatives and 
dioioesr but seldon are required to think about the consequences of those 
choices. The futures wheel is a good introduction to futuristic thinking in 
that students must project their thinking into future possibilities. Biis 
activity is best done the first time with the teacher and then as a group or 
individual project. After having done one^ you can assign one as a homework 
assignment. Some examples are listed below: 

Television 

Telephone 

Automobile 

Conprter 

An oil embargo 

Increased use of coalf nuclearr hydropoweCf etc. 

OCNCEPT KVELOPMBNT - After having 4|pe the ^eelf have students categorize the 
natuie of the various consequences. Are thq^ socials eoononiCf techndogicalf 
environmental^ or related to politics? Also categorize the consequences by 
whether they affect people individually , whether the/ affect American society, 
or whether the consequences have world-wide impact. 

APPLICATION - You mi^t consider using the relevance tree ^own on the rext 
page to diagram energy possibilities for the future. Start with the top two 
levels filled out and have the students complete the rest of the tree. Hiis 
activity is best done after students have been exposed to many different energy 
alternatives and understand the pro and con sides to their use. 
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HZJiOe-DP/BACnSRODID INFQ»KmOM 

Reference: J.A. Barkerr "Future Study in Curriculun Planning, " pp. 55-61 in 
VA^e Roile of Future Studies in Public Education . Misc. , Fubl. of the Science 
Museum of Minnesota, No. 4., St. Paul, MN 55101 

SOORCS OF ACnVTW 

Adapted fran I.D.E.A.S. ty Peg Steffen. 
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Trends and Consequences 



Name 



FOR THE ffSJDE^m 

A futures wheel is a tcx)l to help you examine possibilities and consequences of 
following trends or using innovations. It is a graj^c way to em^iasize 
oon^iex interrelationships. 

Procedure : 

1. Near the center of a large piece of paper, write the name of an energy 
innovation or trend. 

Here are some possible ones for you to use 

-gasoline prices at $3.00 per gallon 

-sales of wood burning stoves are up 500% 

-solar heating ^stens are mass produced cheaply 

-fusion succeeds 

-electric cars are widely used. 
Draw a circle or box around the item chosen. 

2. Kien decide on the probable consequences of this innovation or trend. 
(What rai^t happen (good or bad) if this were to actually take place? 
Write each of these effects outside and around the circled energy trend. 

An example for "microwave oven" is shown. TSoe initial reao1:ions are called 
first order consequences. Ihey are indicated by the single lines 
connecting the energy innovations with its possible consequences. 



No need for 

old oven 



Meals use 
less energy 



More 
radiation in 
environment 



MICROWAVE r 
OVEN 



Less heat 
m kitchen 



Meals 
preoared 
faster 



Different 
Dots and 
pans needed 



3. Now what are the possible effects of ea<± cf the first order consequences? 
Draw and conrect each secondary effect proposed ty students with two lines 
between it and the first order to which it relates. Continue this process 
for about four orders of oonsequenoesf using three lines for connecting 
third order ones and four lines for the fourth order. 
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Elimmait Want 



Tun«d auto 
tnQtntt 

Hot wattr ftski 

Unultd light 
tnd host 

fmprovod 
miuiation 



(ncrtait Efficitncy 
of EMplorttion and 
Extraction 



• Sacondary 
aMiraction 

• Tarttary 
a»iract; n 

• Stfippar walli 



Incraaso Supply of 
Potrolaum and Gas 



Find Naw Reiarvas 



• Offihora 

• Alaska 

• North Saa 



Davelop Naw 
Enargy Sourcai 



Subitituta 
Plantifuf Fuels 
for Scarca Fueli 



Solar 
Wind 
Advincad 
nuclafir 

TIdai and wsvat 
Ocean thermal * 
gradients 



Coal. nucUi.'. 
loltd 

Waita from 
tlactrlclty end 
It earn 

Hydroelactnc 
Geotharmal 



Develop Ne^ 
Sources 



Oil ihale 
Tar t^ndi 
Gaiirtcjiion 
of coal 
LiqueUction 

of COdI 



IncraJis Use of 
Plentiful Energy 
Forms 



Electricity for: 
transportation 
mechanical drive 
ipace heating 
and cooling 
process tte^m 



Relevef>ce Tree Showing AHernptive Meeni of Providing «n Adequate Energy Supply by 1995 



Alternetive Policies 



Shift to Lett 
Energy Intensive 
Processes 



Renewable 
materiali for 
petrochemlceli 
Mail 

traniportetion 
Substitute labor 
for cspitel 



Reduce Demind 
for Petroleum 
end Get 



Reduce Energy- 
Consuming Actlvl* 
ties 



Trantportetlon 
Space heeting 
end cooling 
Appliances 



Improve Efficiency 
of Energy-Conium* 
ing Activitiei 



Automobile! 
Spnce heating 
•nd cooling 
Recovery of 
wane heet 
Material! recycled 
product longevity 
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"^ulZl^'Tf" -l?"/ ^^^^ a/utur.a ^oheel, diagramn come energy possibilities for the near-term 
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Sample Future s Wheel 



icrowave Oven 



More money 
to spend 



Electric Co 
loses 



Fewer 
ovens made 



Sell 
old oven 



Smaller 
electric bill 



More 
electricity 

n 



Takes up 




No need for 


extra space 




old oven 



Special 
clothes 



Genes 
injured by 



Birth 
Defects 



Unhappy 
parents 



Lawsuits 



Meals use 
less energy 



More 
rar'iation in I — 

environment 



More 

electronKS 

I 1 1 



More 

energy for 
other things 



Microwave 
Oven 



\ 



Less Heat 
in kitchen 



Cooler in 
summer 



Need radia- 
tor in 
winter 



Use less air 
conditioning 



New heating 
ducts 



Happier 
family 



Less 

screaming 



Less waiting 
for food 



Meals made 




Mom not in 


faster 




kitchen as 






much 



Need new 
pots & pans 




Have to buy 
new ones 







Old ones not 
used 



Take up 
space 



Need more 
cupboards 
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Reference J A Barker. "Futures study in Curriculum Planning, 
pp 56-61 in The Role of Future Studies in Public Education 
Misc Publ of the Science Museum of Minnesota, No 4 St Paul 
MR 55101 
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Energg Hide and Seek 

SOBJECr Science 6-12 



hCCWrn IN BRIEF 

Students attempt to pick up and thread colored beads (energy resources) to 
determine the energ/ profit. 



GBJECTIVE 

Student will be able to identify the limitations and consequences of detaining 
energy resources. 

HA3ERIALS TIME 

A si^^ay of colored plastic or ceramic 1 class period 

beads of five different colors (preferable 
hlackr red, vrtiite, bluer yellow) 
needles and thread 



lbabnug acLE 

/WARENESS - Prior to class place the beads in the following proportions into a 
snail container. 

Black (coal) 50% (5.0 grams) 

Red (Uranium) 3% (.20 grans) 

White (Natural Gas) 10% (1.0 grams) 

Blue (Oil) 37% (3.7 grans) 

Yellow (solar) a quantity exceeding coal 

Match the size of all bead colors (except most yellow) to needles so that all 
beads can be threaded. Ihreading represents the fact that current technology 
is available to use the energy resource. Matdi the hdes in the yellow beads 
to a large needle so tiiat most yellw beads cannot be threaded. Kiis 
represents the lack of technology to use sdar energy. At the start of the 
eeardhr heave the canister contents forcefully towards the ceiling so that the 
beads spread out over a wide area. 3?repare a table on the board to collect the 
nunber of beads for each color in 3 trials. In order to make the search 
difficultr you may wish to hide the beads in an area outside with grass. 

OONCEPr EETHiOPMOT - In roost cases the number of beads collected in round 
three will be less than round two and perhaps oner even thou^ rocare time was 
given. Discuss the dimini^ing amount of traditional energ;^ resources and why 
prices will rise as a result aP. availability. Bie Law of Dirainis^dng Returns 
fits in well* The oocapanies invested twice the labor and perhaps the capital 
y^t did not do better. 
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Net energ/ profit is what is left after one takes out what energ/ was required 
in gathering f ran the total. If the energy required to gather exceeds the 
amount gathered then there is no net energy profit. 

Conpanies which divert capital to develop new resource technologies are 
foregoing current incaroe or profit. Hius, perh^ the incentives must be jreat 
to forego current oH»rtunities. 

The moving of furniture/ leaves, etc. represents changes in the environment. 
If students did not replace items moved/ they did not restore the environment 
to its original oonoition. 

Threaded yellow beads represent the use of available technology to use solar 
energy (passive solar collector) • The fact that roost yellow beads could not be 
threaded represents the fact that much technology is not now available. 

APHiICKri(»I - Have each student research the energy resource they were 
assigned. Is it found in your state? What resources will be most available in 
50 years? In 100 years? How does price affect energy consumption? 



SODRCE OP ACPITITy 

Written by Dr. George R. Davis 

Energy Tradeoffs in the Marketplace / a project of the Washington State Council 
on Econcroic Education. Superintendent of Public Instruction/ State of 
Washington. 1980 Edition 
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Ihe class will be divided into 5 ocxnpanies whose jet) it is to recover as many 
beads of one color as possible in the time allowed. 

A. Each company will receive a needle with 30 an. of thread already attached. 
You will be assigned a color. Each canpany can collect only the bead color 
assigned. 

B. You will pick up as many beads as possible in two minutes and thread them 
on the string* 

C At the end of the searchr each ccmpany will record the number of beads 
threaded on the data table drawn on the chalkboard. 

D. You will be allowed to search for an additional two minutes. Record the 
additional beads threaded. 

E. Now you may search for four minutes. Record this last count. Sum all 
counts for each color bead. 



Follow-up Questions. 

1. Blink of the beads as ener^^ sources. Discuss which color bead represents 
which energy resource. 

2. What was the problem with the oonitany assigned to collect the yellow 
b^ds? What does this represent in the real world? 

3. If any company had to move furniture^ rugs, leaves, twigs, etc. did they 
put them back in their criginal location? What does this represent in the 
real world? 

4. Did any company disregard the rules and collect an unassigned color? 

5. Were some energy resources (beads) harcter to find than other? Is this true 
tod^? 

6. Which resources are used in our ccmmunity? 

7. Which resource is most available new? In the future? 
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SOBJECr Science LE7EL 9-12 



ACTIVITY IN BRIEF 

Bie Northeast blackout of 1965 is a dramatic example of how vulnerable we are 
to breakdowns in the technology network. Birou^ a film and magazine article, 
students are given a basis to understand our dependency on energy. Finally, 
they evaluate an invention for benefits and problems. 



CBJBCriTE 

Student will be abj.e to cite evidence for their dependency on er^rgy and 
technology. 



MKEERIALS TIME 

Movie J "Trigger Effect", 2-3 class periods 

Episode 1 of Tiine/Life series called 
"Connections". Produced by BBC and written 
by James Burke. It is available at most AEA's. 



LEAIWZIG OrCLE 

WARINESS - Hbe film serves as the awareness portion of this activity. 

CCNCEEr raVELOPMENl' - Ohe discussion questions and interaction will help 
students to understand the relationship between energy and technology. 

APHilOVTION - The assignment will focus attention on one innovation. Students 
should work in small groups and report their findings to the class* See "A 
Simpler Life" f ran Project Learning Tree , p. 173. 

&XJRCB OF ACTITITy 

Adapted f ran teacher materials f ran the "Connections'* series (Time-Life) by Beg 
Steffen. 
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BLACK TUESDAY 



Bje northeastern 0^. is the Megalopolis - a vast intermeshing of cities, towns, and 
^^l. •f?L'*^ °^ twentieth century brought to its fullest flower 

Zr^^A V"^^^^ ^"9ili^. It is utterly itependent on tufbine technology - a 
world that runs on electricity and on the faith that one has only topush a button, 

S '''21.^^*^'°*' ^ JSf i° "^^^ electricity work. Electricit^is ^ts pSl^, 

Its power. And then one night the electricity stopped. 

At 5:17 p. in. in Buffalo, 5:17 in Rochester, 5:18 in Boston, 5:28 in New York the 
clocks in the Megalopolis ^tered to a standstill. Li^is kin^^ Sd SL2 and 
Wh??^ • S^?"P?" t^'^'^ed black against a cold Nov^r sky. El^tSrSnr 
Iraicbile in their shafts. Sutways ground dead in their tunnelsf Streetcars frSle 
i^J^^i^A^f''^^' /S^^ ^'^^^ signals went out - and 5to San thf 

Mf:i£^f^°LS^^^^^°®"5^"^^"- Airports shut down. Mail staged S^in 
Uacked-out post offices. Conputers lost their monories. IV picturesdarkened ^d 

f ^- ^ ^""'^^ to sour in refrigerator! OtelelSes 

tones turned to ^rill whines under a record overload. Nothing 
else seemed to work except transistor radios - and radios could only share the 
^ S^"^hS?^«fi^S'^J^^:?'^ cxrforting news that the world^d1^%S^^ to an 
olfoh^S^ ® Northeast had fallen victim to its very dependence 

T^^n^^^]!""^' interconnected grid of power networks that girdled the 
region - and whsn Utie Systero nysteriously broke down, the result was the most 
Si^Si ^"IS? ^"^'^""^ in history. It was a breakdown that wasn'fsi^s^lo have 
happened. Only a year before a Federal Power Cannission report had S^onounced that 
such^ds were relatively invulnerable to even nuclear attacks. Like a S?ing of 
Christmas tree lights, one power system after another blinked out in a wave of 

S?^?"^ ^ o'"" '^"^^ °^ 9"^- '^^ big blackout 

engulfed 80,000 square miles across parts of eight U.S. states and Canada's Ontario 
province and left 30 million people in the darkf untario 

^ ][prk's blackout was the longest - more than thirteen hours in sans parts. It 
affected the most pec^e; 600,000 tr^jped in stalled subways; nearly lOoToOO 
stranded waiting for caanuter trains that never ran; hundreds caged in elevators and 
thousands penned in skyscrapers. Incredibly, the blackout stpppid short S 
catastrophe. Biere were no plane crashes, no train wrecks, no eisastrous fires, no 

fi^l!^®^ °L.-^°?4u^ ^ panic, ^here were scores of auto 

accidents, most of them no more than minor bumps in the snail-paced traffic. 
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And criine rates in the region fell well below normcd. Hospitals switched to 
emergency generators when they oouldf flashlights and candles when they could not. 
At Sto Luke's in New l^rk after a blackout deliveryr an official confessed: "I 
can't tell you if it's a girl or a boy." 

Transistors drew little knots of people everywhere; only radio mastered the 
coranunications collapse that blacked out IV and knocked out all morning papers 
except the Times. 

Hie ejqperienoe was sobering for the Megalcpolitans - a rather unsettling lesson in 
hew totally their lives are wired to electricity. Uie blackout stopped not only 
tactorieSf but dentists' drills; not only sub^jaySf but Mixraasters; not only li^tSf 
but clocks and cash registers^ x-rays and milking machines/ water pumps and hair 
dryers, stock tickers and stereo sets and doorbells. Electricity had become to a 
stunning extent the main current of Aroericw civilization. 

The prevailing view among utility men was that the blackout was a fluke that sin?>ly 
i^uldn't have happened. And yet, regional failures had happened before - notably a 
five-state Midwest blackout that blanketed four tiroes as much territory thou^ it 
affected on3y a tenth as many people. Sate thought it could happen aga^ n - that the 
day mi^t oorae when a failure in an interwoven nationwide grid could black out the 
entire U.S. within moments. The problem was that the grid system is efficient and 
economical when it works, hwever disastrous results when it doesn't. "Power 
interconnections are a wonderful thing," said one utility man, "but the more we get, 
the more e^qposure we have to a major failure. " 

It was later determined that the power failure was caused by an improperly ^t 
shoebox-size protective relay at the Sir Adan Back No. 2 plant operated by the 
Hydroelectric Power Cortitdssion of Ontario on the Niagara River. 

Bie e)qperienoe brings up in?)ortant questions about our dependency on technology and 
the electrical network. Have we allowed ourselves to became slaves to the System? 
Is there such a thing as too much technology? Are you prepared for such an event in 
your life? Is your life dependent on technology? If so, do you know how that 
technology works? Could you cope if the technology was no longer available to you 
on a short term basis? on a long term basis? 
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ACTIVITY Name 

students ^ould either viw the film "Trigger Effect" f ran tha Connections 
series or read the essay "Black Tuesday". 

DISCUSSION QUESTIONS 

1. What was the cause of the Blackout of 1965? 

2. Wh/ did the blackout affect such a large area of the U.S. and Canada? 

3. What were sane of the problans that developed for the cities and their 
citizens as a result? 

4. How micfit an individual prepare for the possibilities of a ^utdown in our 
technological network? 

5. Kuwait has made the leap frctn a very old style of life into modern 
technology in a jnatter of a few years. How might these rapid chanqes 
a^'fect the people? 

6. List 6 technologies that you depend on every day. Indicate what you would 
substitute if these were unavailable tanorrow. 

7. Explain the inportanoe of energy in our technological worl- . 

8. What do you think would happen to our dependence on technology if energy in 
fossil fuel form were to disappear? 

Uie assigiment: Choose seme technological innovation such as the 
television, car, telephone, etc. What are the benefits and problans associated 
with Its use? List than in a form similar to the one shown. 

Innovation 



Benefits associated with its use. 

1. 
2. 
3. 
4. 
5. 

etc. 

Problems associated with its use. 

1. 

2. 

3. 

4. 

5. 

etc. 



Do the benefits of this innovation outweigh the prdjlens? Ej^lain. 
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A Smorgasboard of Energy AJternatJves 



SSJECr Science Lkvisl 9-12 



.ACTIVITY IN BRIEF 

A variety of activities are suggested for the student in order to focus 
attention on alternate energy s< irces. 

GBJECTIVE 

Each student will be able to describe alternate energy sources. 



MATERIALS TIME 

Resource materials 1-3 /-lass periods 



LEABNDC CyaE 

MARENESS - Bie students may not be familiar with some of the energy sources 
mentioned, so allcw for sane exploration time until they find an idea tiiat fits 
their learning style and interests. Have them do this on an individual basis 
at the start. 

CXWCEPT ESVILOP^ENT - You may wish to assign the students to groups or allow 
them to work in pairs, especially for such things as plays and skits. Bio list 
provided is ty no means complete. Ask that the group or student turn in a 
description of what they are going to do at the end of the first day of 
635)1 oration and brainstorming. Set a time lir;iit during which all will be able 
to complete the project. Set aside one day to *are results. All other work 
can be done outside of class or in class as time allows. Indicate to the 
students that you will grade this assignnnent on ccmpileteness and accurateness 
of information about alternative energi' resources. Additional points can be 
.given for originality, neatness, and time required fcj ccsnpietion. 

APHiICATIOJ - Students have been exposed to many possible energy sources for 
the future. Have the students debate the pros and cons of the following 
statement: "Ic is the responsibility of the U.S. Goverrment to make research 
and development of alternative energy sources a priority item of our national 
budget." 

Divide uie students into teams and set up a diortened debate format in which 
eadi team is allowed 2 minutes for opening remarks, and then a question and 
ana*er period is allowed and regulated strictly by the teacher. Be careful not 
to allow the more vocal students to monopolize the discussion. Set up rules as 
you see fit with the group you are working with. 



ERIC 



S72 



PCLLCW-tJP/BACSGRODM) INPQRMmON 

Contact the Resource organizations listed at the front of the packet for 
information about energy alternatives. Have a student lab assistant write 
letters for you cn official school ^ationery for best results. See also the 
resources listed in the activity "i-xiergy 2000." 

■ SCDRCE CP AcrivnY 

Written by Beg Steffen. 
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A Smorgasboard of Energy Alternatives 

Name. 



FGR THE snrwi 

Hus is a smorgasboard of ideas to choose fron. Your teacher will e>5)lain hew 
mxr/ are due and when. 

1. P*r*d out about wind pcwer generation and draw a scale picture or build a 
ix>del of one that can be built and used at heme or school. 

2. Compare wind machines for cost and efficiency. 

^. Plan a lew net-enerc^ farm operation and identify areas that can be 
improved ty more efficient use of enera^ resources. How can alternative energy 
sources be put to workf such as wind or solar power? 

4. Design a conmunity-agricultural complex that utilizes waste heat from an 
electrical or industrial complex. 

5. Build a series of solar heaters for standard size ajuariisns. Ccmpare the 
efficient of the designs-* 

6. Create a photo essay of energy alternates. 

7. Make a poster of the different types of geothermal energy. Include the 
positive and negatives aspects. 

8. DeLign a passive solar heme for the Iowa climate. 

9. Find out about recycling in your community and report about it in an 
article or by using photos. 

10 • Diagram the process of using Oc^an thermal Enargy Conversion (OTEC). 

11. Write a story from the perspective of river life that has been affected bv 
a hydropower facility. 

12. Build and test a simple solar panel. 

13 V Test different heat storage m»iterials. Make sure you control all 
variables except one. 

14. Calculate the cost of outfitting a heme with enou^ solar cells to take 
care of electrical needs. 

15. Produce a play about energy alternatives that are available. Ihe cast of 
characters are the different kinds of energy sources. 
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busjbCT science LE7EL 9--12 



ACFI7ITY IN BRIEF 

Students are exposed to a life without electricity througfi a Peace Corps letter 
froQ Ifeiiya, They ate asked to consider alternate lifestyles and the idea of a 
oonserver society* 



CBJEGTI7E 

The student will be able to list the four elements of a conserver K>ciety. 

MMKRIALS TIME 

none 1-2 class periods 



AWARENESS - Students will have a chance to discuss a lifestyle in whidi no 
electricity is available. Some of the students may have been in situations 
witiiout electricity for a short terra such as camping cr simmer camps. Ask thesn 
to contribute ideas that were used to cope without electrici ty. £,.wdents may 
be familiar with pic»>eer life as another example. Electricity has not been on 
the human scene for very laig. Mary rdvanced civilizations functioned without 
electrici^gr, what other energy sources did they use? 

Biis is a good time to reinforce the idea of renewable and non-renewatxLe 
resources. In the reading renewables include firewoodr charooalr and sun and 
the non-reiiewables incV^de candles (made from petrdleura), kerosene and 
batteries. 



ODNCEPr DEVELOPMENT - After the students hff/e had a chance to develop their 
picture or diagram., have them explain it to either a small group or to the 
class* You mi^t diare the picture that f dlcws at the conclusion of your 
sharing session. It is a Self-Reliant Homestead adapted from Itother Earth 
News . n>ey may find aspects useful when considering a plan in Part 3* 

APaiCATIDN - rtie hardest part of ary new idea is to sell 
it to someone else. While conservation is not a rew 
idear it is frequently overlooked because it is 
inconvenientr or requires mcare time* Have the students 
limit their plans to 5 or 6 ideas that can be e>qpaained. 
After they have made a plan# have them list consequences 
to the ideas. (What would be the effects on individuals 
and society if these plans really were put into effect 
in the neur future?) List 2 consequences for each item 
on the plan. 




Energy and Society from the Ontario Ministry of Education, p. 18 for 
informatic« at»ut the canaerver TOciety. 

■mom's Self-Reliant Homestead," March/April 1985, Ohe Mother Earth News . 
■A Look at Lifestyles," p. 184 Project Learning Tree . 

SCORCE OF ACriVlTJ^ 

Adapted from I.D.E.A.S. and Energy and Society ty Peg Steffen 
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1 North sun lr8p 

2 Orchard 

3 Diodynamic 
composting 8re8 

4 annual tood 
crops 

5 Chicken coop 
rabDit house 

6 chicken 
scratching yard 

7 shed with gram 
storage aloft 

8 root cellar 

9 herbs, greens 

1 0 upper pond 
1 1 lower pond 
12 hydroelectric 

plant 

13 passive 
solar house 

14 aeehives 



1 5 east wind 
Dreak 




16 parking 

1 7 south sun 
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rtvic^'- ^ sample self-reliant horn? adapted 
' from Mother Eorlh News March/April 1985 
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The Conseirer Societg 



^^^^ 



Name. 



Eart 1. 

The following is a letter from a Peace (Dorps worker in Kerya, East Africa to a 
friend m Iowa, she is working at a school in a mountainous rural village. 
Dajrtiine temperatures do not diange much througjiout the year, but nicdits can 
become chilly. 



Dear Mary, 



I 11 try to descrxbe seme of the energy uses here. Of course, there is no 
electricity. Everyone lives in anall mud and thatched huts. The only 
permanent buildings around are the school and ny house. Firewood is commonly 
used if the dead wood can be found. Uiey cook in their huts on the floor or in 
anall round roetal containers call chiko. December is charcoal-making month. A 
large burl^ bag of charcoal is sold for about $2.80 in U.S. dollars. This is 
what IS used in the chiko cookers. Bjey use kerosene to li^t then. It is 
also used in their lanterns. Candles are used for light, but not often because 
they are expensive here. After awhile, all this becomes a Wcy of life. Life 
is very simple without electricity. People usually go to bed early too. 

Keryans depend on the sun for so much— time, drying clothes, and crcras. Of 
course there is no running water either. I'm the only one within several miles 
who has a rain iank. It leaks and so I am dependent on the river for m daily 
water needs. Host people bathe in the river or out of a bucket. 

Flashligjits are a part of every household. Batteries are very eJ^ensive 
and I have gone throuoji so many. Everyone does laundry fcy hand then lays it on 
the grass to dry. I've learned to fold mine so they don't hfve too many 
wrinkles. ^Biere are charcoal irons though. 

Of course, with no electricity there is no refrigeration. Manv foods 
diraply don't need it. eggs last about three weeks and up on ny'hill, my 
fresh butter will stay hard for two weeks. Biere is milk in cartons I buy 
called DHT— it's -jltraheated. Also margarine comes in a can and dried milk is 
popular. Cold sodas are unheard of as is beer. 

As Always, 
Jensy 

Discussion questions: 

1. What rei^wahle and non- renewable sources of eiergy are mentiored in the 
letter? 

2. What do you think Jensy liked best about her low-energy situation? 
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3. How has a lack of electricity changed her living habits? 




4. What aspect of Jensy^s life would pre^nt the greatest challenge to you if 
you were in her place? 

Part 2. 

Assume you want to live in an uncomplicated and lees energy-expensive 
lifestyle. Draw a picture or describe how you would live. Consider such 
things as where you would liver how you would sijjport yourself/ v^at type of 
house you would buy or buildf and how you would use less energy than you do 
now. 

Part 3» ^ 

The concept of a "conserver society'' was put forward fcy the Science Council of 
Canada and is a term we hope to see more of in the future. What does this 
concept mean? We have looked at a society that uses no electricity r but few of ^ 
us are willing to make the sacrifice to live without electricib and seme K 
comforts in our daily life, llie elements of a conserver society are listed 
below. Look at them and see if the lifestyle you envisioned in Part 2 fits 
into the pattern of a conserver society. ^ 

A. Promotes econony of design, that is doing with less. o 

B. Favors re-use or recycling. U 
C QuestJ.ons the ever-grcwing demand for consumer goods. 

D. Recognizes that diversity in mary systems such as er^rgy anc* ^ 

transportation/ might increase their eoonory and stabiliti>. ^ 

(in other words, don't put all of your eggs in one basket.) » 

What would you have to change in order to fit the scenario you ^sigr^d to a k 
conserver pattern? 

As a class or in a snail group, develop a plan to steer the American lifestyle g 
toward a conserver society. Try to use a "carrot" approach rather than a 

"stid/ a^oach in offering incentives for change. Can you think of some K 

future political or econanic incidents that might push us to the conserver ^ 

society more quickly? W 
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Energg 2000 



AGPivrry in brief 

students are provided with information about many fonns of energy 
alternatives. Biey will evaluate 5 of the sources and write a story or design 
a city vrtiidi uses alternate energy forms in the year 2000. 



CBJBCTIVE 

The student will contrast alternate energy sources and will evaluate them using 
the criteria of pollutionf technology f quantity, and other considerations. 



MATERIALS TIME 

resource mater ialSf lar^ drawing paper 1-3 class periods 

red and blxje pencils or pens 



LEAFNUG CYaE 

BARENESS - Students may not have been introduced to some of these energy 
resources^ so you may want to provide more explanation or additional 
information. You mi^t also provide time in or outside of class to research 
the five energy sources they are focusing on. 

(XNCEFT IffiVBLQPMENT - The evaluation of energy sources will enable the students 
to make decisions based on data and information. Biey should be careful about 
biased statements and opinions if they are required to collect additional 
information. Encourage the students to consider other energy sources if they 
find them in the literature. Hie list provided does not include new 
technologies that may be emerging. 

APELICATION - Question three is designed to have the students use the 
information they have gathered to envision energy sources for the future. The 
assignment may be done cHitside of ciasSf but provide adequate time for 
•creativeness. One week is not too long. Encourage students, who pref er, to 
work with their hands to build a model of the future city. Set aside some 
class time for diaring stories, drawings, and models. After the faring 
session, have students te a diort paragraph about actions that r>sed to be 
taken in order for theit ^uture city to be reality. Is it feasible by the year 
2000? You micjht wi^ to have students read science fiction stories and 
determine what energy sources are used. 
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KtJJJ/hUP/BMSSBCSSft) XNKH«mON 

Contact the Resource Organizations listed at the front of this packet for free 

Witii Naturer* p. 183 frcro Project Learning Tree -. Encourage students to use 
Reader's Guide for current articles. 

SOQRCE OP ACTIVITY 

Adapted from I.D.E.A.S. fcy Peg Steffen 
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Energg 2000 



Name. 



i 

•J fOR SHE STDISajT 



you have been introduced to a variety of energy resources such as coal, oilr solar, 
and lydropcwer. Below you will find a short description of possible sources of 
energjr, their positive points and shortoonings. Some are traditional and others are 
stni in development stages. Read these carefully as you will need this information 
later. 
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SCXIRLfi 


QUfiNTiry 


CraSIEERATIONS 


GBOOHEIvMAL 
a) hot water 


Limited sites near 
earthquake faults or 

VQiCaiLU activity 


In wide use in New Zealand, 
Iceland, Japan. May cause 
local fog or put toxic 
elaients and excess heat into 
environment. 


b)dry steam 


Limited sites 


Lew productiai costs. Used in 
Italy and California. Noise 
of steam is ear splitting. 


c)hot, dry rock 


Potential is great, but 
actual number of sites 
may be small. 


Hot rock 1-6 mUes under- 
ground is est'iaated to match 
the energy of Alaskan North 
Slope. Minimun pollution. 




Produoec: ty electrolysis 
(Splitting water molecules) 


Developing slowly. Requires 
sizeable power input. Vlay not 
be efficient unless produced 
with solar or hydropwer. 
Burns dean. 


HyDR)PCWER 


Provides 15% of electrical 
power 


23% of world electrical 
capacity depends on falling 
water. Inexpensive and 
relatively dean, but produces 
ecological disturbances when 
dams are built across rivers. 


TIDAL KJvER 


Enough for 40-50% of 
needs if caftured but 
efficient sites are 
scarce. 


Primitive, inefficient machir>- 
ery. A plant in France runs 
cheaper than fossil fuels or 
nudear. Little environmental 
impact. Peak pov^er demand and 
peak power output seldom 
match. 
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Unknown 


Mary e)?)eriroental devices. 
Varies with the wind. Hostile 
ocean environment hamper 
developnent. Limited sites. 


OCBAN IBERMAL 
ENERGY 
C0N7ERSICN 
(DTEX:) 


Gulf stresro could 
supply 100 tines the 
current U.S. denand. 


Could be CQomercially avail- 
able before year 2000. Oper- 
ates on difference in water 
temperature. Little environ- 
mental impact. Artificial 
upwelling may benefit fishing 
industry. May be cost- 
competitive with nuclear. 
Florida waters have potential. 


NAIDRMi GAS 


Limited and non- 
renewable. 


Well developed technology. 
Qean barning. Efficient 
transport system. 


NUCLEAR 
a) Standard Licfit 
water reactor 
(LNR) 


The uranium fuel is 
in limited supply/ 
nay last less than 30 
years. (Uses u235) 


Requires hi^y skilled staff/ 
produces waste heat that might 
be used for heating buildings. 
Fuel may be in short 
supply. Storage of wastes is 
a prcAxLem and controversial. 


b) Breeder (liquid 
BDdiun cooled) 


Uranium supply is 
unknown. (Uses u238) 


TechnoloQV is presentf but the 
plant produces plutonium which 
is used in nuclear weapons. 
Poses security risk. More 
efficient than LWR. 


c) PusiOT 


Abundant fuel material 
in ocean water 


Complex technology not yet 
developed for commercial use. 
Efficiency and safety unknown. 


OIL 


Limited/ and production 
will become e^^^ensive 
in tlie future. 

60 


Developed but poses pollution 
parc^ems with oil spill S/ 
burning causes air pollution. 
U.S. must inport about 50% of 
needs. Usad in many non-fuel 
uses such as plasties/ rubber/ 
and fibers. 
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SCLAR 



and cxx)ling 


Abundant but scattered 
enera^ 


Cheap to operate but equipment 
is expensive. Little 
pollution. Easy to design 
into vei hones. Storage 
necessary in colder 
climates. 


b) Bolar cells 


Abundant 


Technology is expensive and 
storage is needed. Provides 
electrical power directly from 
sun's rays so they only work 
when the sun shines. 


c) Solar thermal 


Must be concentrated 
ty reflectors. 


Still developing. Used in 
France to a small degree. 
Solar satellites may prove to 
be more efficient. 


a) biomass 


Limited but renewable 


Uses digesters to convert crop 
surpluses or wastes into 
methane gas which can be used 
in oookingf lightingf heating^ 
and small engines. Also 
includes the production of 
aloohd. 


b) refuse burning 


Could provide 1-2% of 
energy donand in 5 
years* 


Developed but not widely 
^plied. Collection and 
separatiai can be expensive* 
Reduces the number of 
landfills needed. 


WIND 


Production estimate is 
1 to 15% of oonsOTption. 


Advanced but not widely used. 
Simpler than solar-electric. 
Visual pollution? High-i^ind 
are:is are not near hi^ 
population areas. 
Transmission of electricity 
may be a problem. 


WCX)D 


Hi^ potential because it 
is renewable 


Could replace 21% of fossil 
fuels in U.S. and 50% of 
industrial fuel "jeds. Major 
source of glc^ carbon 
raorK>xide pollution. Half of 
the earth's forests have 
disappeared since 1950. 
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You now have a starting point in unc3erstanding what energy sources are available 
now and seme that mi^t be useful in the future. Pick at least five sources and 
fill out the following chart to compare the ne^tive and positive aspects. If 
possible, collect sane additional information about the energy sources so that you 
have more data. 



Energy Source 


Enviromental 
Pollution 


Technology 


Quantity 


Other 


Air 


Water 


Noise 


Diermal 


Land 





















Label the negative aspects with a red check and the positive aspects with a blue 
dieck. Compare the number of red and hive checks. 

1." Which of the five sources looks roost prcxnising to youV Why? 
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2. Since it is unlikely that we will depend on only one energy soutoe in the 
future, what ccmbination of ideas do you favor and why? 



3.. You msy a) write a science fiction story in which you set up a city in the year 
' 2000 using any energy K>urces above, or b) design and draw a city showing hew 
the above energy sources are used to provide heat, cooling, electricity, and 
transportation. Assume you are in Icwa for both. 



Seme excellent articles you mi^t wish to use are found in Social Issues Resources 
Series, (SIRS) on Energy . Individual Articles in 1984 include: 

1. "Fundy's Thundering Tide: Can We Harness Its Power?" 
International Wildlife , Nov./Dec. 1984, pp. 34+ 



— 2. "The Realities of a Fusion Future," Science Digest , 

8 Nov. 1984 pp. 71+ 

■n 

Z 3. "Nuclear Undertakers," Science 84, Sept. 1984, 
a pp. 50-59 

Z 4. "Solar Power," Progressive , Sept. 1984, pp. 32-35 
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5. "The Demise of Nuclear Bower: What Comes Next?", Challenge , July/Aug. 1984, 
pp. 38-45 

6. "Learning to Live with Plutonium." Science Pi cast .- July 1984,- pp. 49+ 
"America's Energy DilQifna," American Legion , July 1984, pp. 18+ 

*8. "The Solar Travelers," Environmental Action , June 1984, pp. 23-26 
9. "Damming the World, " Not Man Apart , Oct. 1983 

10. iSnergy's Uncertain Future," Christian Science Mpnj .tof. March 2, 1984, pp. 
16-17. _ ' ~" 



s 




■iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiii iiiiiiiiiiiiHiiiiiiBiiiiiiiiiiiiiiiii 

ERIC 



The Energy Debate 



S89 



-hCSNVn m BRIEP 

Opinions and biases abound for ener^^ issues. Stu<tents are asked to respond to 
quotations in the •'energy debate"* Finally, the students cSx>ose an issue about 
v^ich to ha^e their own debate. 



CBJBCT3VE 

Eac student v^ill be able to list different opinions about enera^ resources and 
their uses. 



KRSmilLS TIME 

Resource materials that are helpful to 1-3 clr^s period 

students preparing statenients and 
position papers. 



AWARENESS - Have students read the quotations and fill out a chart similar to 
the one below. 



Name of Author 



Er^rgy Source (s) 
referred to if any 



Point of view 



Agree or 
Disagree 



Revie? with the students the canpLeted chart. 
Ha/e the students indicate whether they agree or disagree with the person's 
point of view. Simply marking with an "A" for agree or "D" for disagree is 
enoucfi at tiiis point in tiire. 



CXNCEPT DEVELOPMENT - /^.ctivity suggestions: 

1. Choose a favorite quotation and write a paragraph e)5>laining its key idea 
or a paragraph stating reasons for your choice of this particular 
statement. 

2. Develop a ^ort essay or speedi including one of Mie quotations in it. 

3. Write a brief rebuttal statement to several of the quotations provided. 

4. Draw a pictoral representation of one of the quotations. 

5. Develop a cartoon or poster about oiie of the statonents. 
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APHilCATICN - Set up a ^ortened form of a debate for the class in which one of 
several qiotations is the focus* Allow students to research their position out 
of clasEf prepare statanerts of one minute per student, and allow for 
controlled discussion in which all students are allowed to speak for a limited 
cwount of time. Be careful not to let a handful of outspoken students 
monopolize the debate, although some will be well suited to this type of 
learning activity. Have each student sunnmarize the arguments given on paper to 
turn in for credit and to indicate where they agree and where the/ disagree. 



scDRCs OF AcrivrrY 

Adapted from I*D*E,A*S, by Peg Steff^n 
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Seldcxn have pec^xLe li.ing in a <3em(x:ratic society had so much conflicting information 
arid so inar^^' opinions showered on then as have been spawned ty the great energy 
debates. Sane facts seem certain. Energy availability affects everyone. Data is 
missing or is interpreted differently by various interested grouj^. Opinion and 
priorities differ widely even among "e^^^rts". Examples of factf cpinionr predictionr 
and persuasions are included in the following selected quotations. Your teacher will 
e>qplain to you the activity expectations. 



The United States puts 45% of its total energ/ into vehicles. To make than# run therrif 
and clear a ri^^it of way for them when they rollr when they flyr ar^ when they park. 
Most of this energy is to move people who have been strapped into place. 
For the sole purpose of transporting people^ 215 million Americans allocate more fuel 
tlian is used by 1300 million Chinese and Indians for all purposes. Almost all of this 
f'cel is burnt in a rain dance of time-consuming acceleration. 

Ivan niich 



China's several hundred million (people) use less electricity for all purposes than the 
Un5.ted States uses for air-conditioning aloner and the U.S. is two hundred fifty times 
more demanding of energy for its wet-rice culture than in China. 

David F-'Ower 



Material thrift has become almost impossible; "Jie system conspires against it. As a 
society, 'i/e assign the hi^est value to our le sure and therefore a lower value to all 
things that mig^t demand our tiine and attention. Disposable, self-cleaningr 
selt-defrostingr easy-to-use^ ready-to-wear ^ ready-tc-eatf all-purpose — these are the 
adjectives that get our oonsuraerist juices churning. No matter that the time most of 
us save we then fritter away in front of the garrulous W. 

Caril Tucker 



As a social creature man will not accept an^ warnings that interfere with daily 
P business. 

Donald Carr 



We diould buHd the south side (of the house) loftier^ to get the winter sun^ and the 
north side lower to keop out the cold winds, 

Xenoj*ion 



Our roost optimistic estimates indicate that solar electric geiierating capacity might 
represent about 1% of the total installed capacity ty the year 2000. Despite 
accelerated research and development efforts in alternative energy fom, sources other 
than fossil and nuclear fuels/ will be suppiying only about 10% of electric generation 
by the year 2000— and more tiian half will be hydroelectric. 
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^ Real wealth is knowing what to do with emrg/. 

R* Buckminster Fuller 



: a| 

We envision a new societyr less despoilingr more conserving of the biosphere and the ^ 

planet's resources. It would be ch^ in which biological systems, driven by renewable gfe 

energy sources like the wind and the sun, would provide the food and other vital iirputs ^ 

for huoan conmunities. ^ 

John Todd ^ 

There are seme afnart people who think that nuclear power will make a ccmeback. Ihey 
^ point out that the U.S. cannot go on running up ever-higfier oil import bills. They 
^ argue that a widespread return to coal, as mic^t seem logical, would involve a cost in 
enviroraental hazards and labor problems that the country cannot pc^. When these facts 
iiR are recognized, the argument goes, the countri' will look at Chicago— where Commonwealth 
Edison efficiently, cleanly, and eoonomically gets 45% of its power from nuclear 
plants—and say: "Nuclear is the best bet". 

J Jean Bridges 
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Ihe time has ccroe to inquire seriously vhat will happen when our forests are gone, when 
ag the coal, oil, and the gas are exhausted. «d 
Isa Theodore Roosevelt ^ 



A man vrtx) cannot fill his bathtub because the water keeps running out does not need a fe^ 
bigger water neater, he needs a plug. ^ 

Malcolm McEwen wfe 



» It is pointless to talk of tic^tem 3 the safety s Jtems or the licensing procedures; 

\ they are elready so ti^t that it has bevn almost iitpossible to get approval for ^ 

building nuclear plants in the U.S. However carefully it is designed, a piece of gsJ 

raechanica. engineering can and will fail; hcwever "foolproof ' the safety system, it ^ 

* cannot be made proof, as the nuclear industry' itself says, against bloody fools. The 3S 

question is not whether accidents can be prevented; they cannot. It is whether tl\e gfe 

« public is prepared to live with accidents like Ohree Mile Island. It is pecf«=>cUy ^ 

^ prepared to live with air crashes, in which hundreds die, in exchange for mobility. -gj 

aS Nigel Hawkes 38 

i m 



Another effective energy-conserving measure is recycling. Every household throws out ^ 

an average of 250 glass bottles a year (a pint of oil is reeded to make one bottle^ and ^ 

350 pounds of paper (three pounds represent a quart of oil) . Much waste can be ^ ^ 

salvaged or recyofed. ^ Scandinavians have receptables in each building for this ^ 

purpose* ^ 

Michel Bosquet 
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StEJEC!P Science 



LE^. 9-12 



ACTITITy 

Students will research solar collector designs and construct a working niodel to 
be tested for efficiency and pay-beck time* 

CBJEC3!I7E 

The student will be able to i^ntify the elanaents of solar collector cfeoign and 
use* 



MKEERIALS 



TII3E 



to be determined ty student design 

(You mic^t ask for school help on costs 

if the units will be used later ty the school.) 



1-3 weeks 



leabnuc cycle 

WARENESS - Uiis project can be as large or anall as you wish. Students may 
work individually or in groups. Your time frame will dictate how large to make 
the collectors. Dhits designed to heat entire rooms will require more time, 
mon^ and effort than demonstration^ units. You may give them limits on 
collector size. Researdi micjht be assigned out of class. If you wish to 
provide materials, the lova State Extension Service and Icwa Energy Policy 
Council are good sources of free material. Itiere are also many fine books 
available throu^ the library system. Allow for students to test materials 
or design elements on a small scale to incorporate later. 



CQNGBPT DEVELOPMENT - Students should be allowed to design with a minimum 
of teacher interference. Bie design and testing procedure is excellent in 
developing thinking skills. (Biey will also learn from mistakes.) 
Students may find one ot more flaws in the uiit during the testing. 
Allow them to make corrections and retest. In order to save class 
. time, you roi^t assign the researdi and construction outside of 
class and set aside s^eral testing days at school to ccrapare 
units cuid performance. A sample solar collector ic pictured 
below. 
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APELICATION - Assign students to oontinue monitoring the units over an extended 
tiite period* Have them investigate other uses of solar enera^ sudi as 
inductryr farmingf greenhouses/ and water heating. Careers that ^ould be 
mentioned include architecture, building trades, engineering, chendstry, and 
physics* 



Mary excellent solar experiments can be found fran the Department of Energy* s 
Science Experiments in Energy , Solar Energy Packet. Also i^e the Ne^ York Solar 
Energv' Jacket from Solar Energy Project, SiW at Albany, 1400 Washington 
Arrenue, P.O. Box 22100, Albany, NY, 12222. 



OP ACTIVITY 

By John Stiles and Peg Stef fen 



The Big Pag-Basrk 



Nome 



PGR OHE SaUDENT: 



SSiii^Sifi; ^^^-^ ^^ff collector to be used in youx school or hone, 
you ^ouid plan to use air as fhe heat transfer ..-.cAaman and the unit should 
narve fa/ or no moving parts. 



1. 



2. 



3. 
4. 
5. 



Re^arch design elements of solar collectors and list those aspects you 
mi^t plan to incorporate into your unit. Visit hones or businesses with 
solar QTstans at work. 

Reaeardi materials oonmonly used in solar collectors. List those itans 
that are inexpensive and available locally. Find out the cost of each 
Item. Perform ary preliminary tests to determine the best materials for 
your locality and weather situations. 

Conplete your design and cost estimates and clear the unit design with your 
i-eaaner before oeginning construction. 

During the construction, keep track of actual expenses incurred. Ihis will 
be used m your analysis of payHaack time. 

Perform the following analyses on your unit. 



a. 
b. 
c. 
d. 
e. 
f. 

g- 



Maximum temperature achieved fcy the unic. 

Best working angle. 

Best building site for installation 

Estimated length of time for heat collection during winter months. 

Size of room which the unit can confortably heat. 

Cost of in^i'callation to heat entire hone. 

Pay-back time (energy savings minus material and energy cost) 
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World Energy Simulation 



{GBJEG3?IVE 

Each student will be able to aampare popilation and ei^rgy use tetween 
developed and undeveloj^ countries. 



6 clear pJastic or glass containers 20 minutes 

80 M & Ms per dass 



LEABNQG GTCLE 



M^RENESS - Before dass, ^t up the "world eneigy supply" in dear dastic or 
.glass cups (beakers will do also)* Each cup should be labeled with one 
continent, the perc^pntage of the world's popdation, and the percentage of its 
world energy use. (NCXIE: Ohe world consumes eigfit^ quads cf energy annually.) 

Popdation Energy Use 

Africa 10*5% 3% 

North America 8 % 39% 

Asia 61 % 18% 

Australia-New Zealand .5% 3% 

South America 6 % 8% 

Europe 14 % 24% 

M & Ms or other small candy shodd be placed in dear glasses. ?3ach piece 
represents 1 quad (quadrillion btu's) 

Africa = 6 
North America = 32 
Asia = 14 
Australia « 3 
South America = 6 
Europe = 19 

Divide the dass into groups to represent the oontirssnts above. 
For example, if you have a dass of 25, 14 students will be Asia 

3 will be Africa 

2 will be North America 

1 will be Australia 

2 will be South America 

4 idll be Europe 
renainder in Asia 
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1. Direct each "continent" to areas around the xocm. 

2. Give each group the cup that contains their ei^rg/ allocation. 

3. Ask a spokesperson fr^n each group to read the information cai each cup* As 
they dk>r ask them if there are enou^ M & Ms for the population* Allow for 
ooninents at this tine* 

4* After all groups have read the cups, ask the whole class hw they feel 

about the energy wealtli of North America* 
5. Give the class 5 minutes to negotiate with eadi other about ensrc^^ 

resources. Is North America willing to redistribute? 
€• At the ^d of the time limit, ask students what methods were used in their 

negotiation. What was the result? 
7. Allow the students to eat the erw resources. 

OOJCEPT IfflTELOPMENT - Discussion questions: 

1. Howr is this exercise similar to the present world situation? 

2. Bie U.S. must import much of th^ energy it uses. What are the resulting 
problems for us in terras of econonic and political well-being? 

3. What mi^t happen to change this world energy picture? 

4. If an energy Mortage develops, who will be the first to feel the effects 
and wly? 

APHilCATIDN - Students rai^t be assigned to report or debate on aie of the 
following topics: 

Oil Embargo of 1973 

U.So dependency on oil 

Oil production of the Middle East 

Oil production in the U.S. 

Energy reserves of the world and the U.S. 

Expected time of energy resource depletion 

Effects of energy dependency ot coal 

Energy alternatives 

Lifestyles of continents who use less energy per population. 

Another application is a debate and group decision about the formation of an 
energy piLan to move the U.S. away fran dependency on iirported enercy resources. 



FCLLO^f-QP/BACRGmiND INFOHHATICS) 

See Activity "Hidden Helpers'* in this packet. 

SOORCE OP ACTIVm 

Adapted from an activity originally from Duane Tdomsen fcy Peg Steffen. 
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SQBJBCT Science/ Ilathematics 



LB7EL 9-12 



hCSVnSHS IN BRIE? 

Students will discuss and ctoserve their ideas of power by performing sinple 
exercises and then expand this knowledge of power to different energ/ 
converting machines. 



CBJBCriVB 

1. Define power. 

2. List 5 energy converters and order thera as to how much pvA^er cxitput they 
supply. 

3. Graph typical power outputs in order. 
1. Conpare energy converting roadiines. 

5. E^^ress a number as a power of ten. 

6. Describe dianges in the power of madiinesf if any, which have occurred. 



MASSRIALS TINE 

Universal Wei^t Machine or 2 class periods 

soroething to act as a wei^t to 

lift such as a large book or block 

stopwatdi or timing device with 

second hand , various gr^ing 

materials: graph paper, ccrapass, ruler 



LBABNINS CICLE 

AWARENESS- After performing the activity on the other side of this page, hhe 
teacher should ask if students tliink there are differences between individiol^s 
physical power* The students can then calculate a siirple example of power 
using their data and the f alleging formula: 

pounds * distance moved * ♦ of repetitions 
power time (seconds) 133 w = lOOlte * 2ft 

• 13 kw * 20 reps div.by 
30 sees. 

OCNCEPT ravHOPMETTA - Students should then, as a dass, nake a list of energy 
converting ^nadiines" they feel would be powerful. See '"For the Teacher" In 
the end, the teacher mey supply the given list found in this section. 
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APILICATICN - The teacher should supply the students with the "Ener^^ Calendar" 
and instruct the students to find out hew the historical progression in aner^^ 
use correlates with the escalation in power outputs. VJhen did waterwlieels cone 
into use, for example - before or after windmills? Which turbine is the newest 
attempt to date and put in chrcMiological order all of tiie basic converters 
listed on the chart. 



KIiLC5HJP/BAC!l3^^ INFORMRTICW 

Follow-Up - Mary different activities can be set up with the data given in the 
tables. IWo tliat mi^t be worth^ile are as follcws: 

!• Using a ccropass arid protractorf make a circular pictograph of the 

representative fractions of "enera^ output. " Each named component would 
represent a segnent of the total energy outputs mentioned in the original 
data chart. Isased on the sun of 17,192,315.8 kw or 17.2 * lOo.kw in a 360O 
circle, each degree would be represented fcy 360 divided fcy 17.2 million kw 
= 20e9O. Ohe result is the graph included in "For the Teacher." 

2. In mathematics you could have all the students convert the pcwer ratings 
into powers of ten as indicated in the chart under "For the Tfeadier." 

,3. Each "power of ten" is often called "one order of magnitude" in scientific 
literature. How many orders of magnitude are there from man"s pcwer output 
to the rocket blast? 

4. Hake a histogram, pictograph, or other scalar method of the comparisons 
listed on the Energy Converter table. 

5. Use an adding machine tape to block out proportional reao related to 
power. One full tape may be used for u>operative effort or give each 
student a piece cf adding machine paper about 4 yds. or 4m IcMig or make 
your own long sheets of paper ty taping pieces together or use discarded 
runs of computer paper. 

6. Make a historical power grid, using the same orders of magnitude on the 
vertical scale, but putting historical t jue (perhaps also expressed in 
powers of 10 as "years ago"?) on the horizontal scale. 

SOURCE OP AcriviTy 

Ener^ Packet and Nancy Toll 
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The teadier ^ould ask the stucSents who they think is the most "powerful'' 
person in dass and discuss what power ineans to them. Then, have the students 
go to the wei^t room and have volunteers see how mary bench presses they can 
do, on the Universal Wei^t Madiiner in a given anount of time - say 30 
seconds. (Be sure to use students who have worked with the Universal before 
and who won't stress their muscles too much. Avoid using large weights^ Biis 
activity could also be done in the classroom using a known weic^it such as a 
large book or brick.) Students should record the nunaber of lifts, the amount 
of wei^t lifted, and the time for each volunteer. 



Fewer Output of Selected Energy-Converters 



Basic Converter 



Typical Power Output 
(in Kilowatts) 



Man 
Ox 

Horse 
Wincinill 
Waterwheel 
Steam Engine 

Internal combustion engine 
Gas turbine 
Water turbine 
Steam turbine 
Liquid fuel rocket 

*The watt is a unit of energy per unit of time. 



.1 
.2 
.5 

15 

300 

2000 

10,000 

80,000 

100,000 

1,000,000 

16,000,000 
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£ S102 Birthday cf planet Earth was 4.5 billion years ago. 



H eldest known rocks are 3.3 billion years old. 

5 First Eiants (algae) appeared 3.2 billion years ago* 

H First known animals (jellyfish) died 1.2 billion years ago. 

g Fossils first becanve abundant 600 million vears ago. 

~ Age of fishes be^n 400 million years ago. 

■ Fern-like plants grew densely, became basis of CDAL, 300 million years ago. 
m 

^ First dinosaurs thrived 225 million years ago. 

HI First manmals appeared 200 million years ago. 

Decline of dinosaurs occurred about 135 million years aoc. Along with fos"*l 
11 plants, sane became fossil soup (PETOCLBUM). 

2 First primates trapped in a fossil record lived 70 million years ago. 

Man-like creatures appeared about 3 million years ago. 

S Ice Ages began 1.7 million (1,700,000 years ago. 

r Man began to use fire, 500,000 B.C. 

■ Last glaciers retreated, 8000 B.C. 

Z, Man learned to anelt metal and make bronze, 3000 B.C. 

— Iron techncGLogy was begun, 1000 B.C* 

2 Water wheels were used in Greece, 300 B.C. 

Book ty Vitruvius describes watermills, steam jets, and otlier machines, 27 B.C. 

S Mt. Vesuvius destroys Ponpeii, 79 A.D. 

r Waterwheels come to Europe, 500 A.D. 
■ 

5 First windnaills were used 650 A.D. 

" Coal was burned in an English monastery, 852 A^D. 

B Whale oil cane into use for lighting, 900 A.D. 

S CJoal was regularly used for hone heating in Newcastle, England, 1300 A.D. 

m Windnnis started to drain the Netherlands, 1500 A.D. 

5 Modern steam engine was conceived ty Watt, 1765. 

IB First oil well was drilled in Pennsylvania, 1857. 

5 Otto desigr^ed the 4-stroke internal combustion engine, 1876. 

First incandescent lighting was provided to a sriall area of New York City, 1882 

5 Beoquerel discovered radioactivity, 1896. 

? Wright brothers flew the first successful airplane, 1903. 

jm First jet plane flew, 1942. 

Z First nuclear explosions were detonated in 1945. 

— First nuclear electric power plant in the U.S. was completed, 1958. 
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" Man first walked on the moon in 1969. 

^ "Enera^ Crisis" of limited supplies and hi^er fuel prices became a public — 

m oc«icern in the winter of 1973-74. g 

^j^^ I iiiii i liiii i iiiii I iiiin ^ 
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ONE-SECOND TIME MACHINE 
(model of energy output in kilowatts) 



Rocket: 16 x 10^^ Lw 




S105 

Poisons From the Skies 

SOBJECr Science LEVEL Gractes 9-12 



.^cpivrry in brief 

Bie student will investicpte the effects of acid water on Daphnia before 
debating possible solutions to the problen cf acid rain. 



CBJECTIVE 

Hie student will be able to 1) identify causes and effects of acid rain, and 2) 
list alternate solutions. 



kntebinjS time 

4 gli«5S containers of equal size per 1-3 class periods for 

group, narrow range pH paper, experimentation 

approximately 3-6 j4I 1 period for application 

10 % solution H SO , sulfuric acid, 

shallow glass dishes such as petri dishes 

spring or boiled pond water, masking tape, 

grease or wax pencil, eye droppers, 

hand lens, Daphnia from 

a biological supply oonipany. 



leaenhc c^aE 

WARINESS - Uie students will test different concentrations of acid on 
microscopic organisms such as Daphnia. In order to cut down on equipment 
needs, you may wish to set up anall groups of 2-4 students. Daphnia are large 
and easy to see for counting purposes, but you may use another fresh water 
organian. You may require that the students design their own e3?)eriment using 
the acid conoen^xations as the experimental variable and the mortality of the 
daphnia as the ^pendent variable (the variable that changes as a result of the 
experimental variatile.) A plan has been provided if you feel the stu(tents need 
more directiai. Have the students provide their own container. Bafcy food 
■jars, small beakers, pickle jars or even culture dishes will be sufficient. 
Have the students make daily observations after the pH has been adjusted and a 
measured an^ount of daphnia put in. As an alternative to having students 
prepare their own acid mixturesr you may want to prepare these yourself to 
kncwn levels in order to save class time. Biey should make a sample count of 
surviving organisms each day* Have students graph days versus nunber of 
organisms for each pH level. 

OOKCEFT raVBLOPMSNT - Have each gioup share the results with ti.e class. 
Encourage discussion about why the results occurred. List on the boar.l 
possible sources of error. Identify experimt.ital and dependent variables and 
whether a sufficient control was use. 
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Students should read and develqp background informatiai about the causes of 
acid rain and where it has becane a problent. (See sources listed belcw) . 

APHjICATIDN - Students will form a position statement about possible solutions 
to the problon of a:id rain and will provide background data to support thp\r 
position. You may have them work individually » or in pairs. Indicate to 
students that you will grade on accuracy and conpLeteness. 



iaJXIfDP/&ACR3R0nND INFORMATION 

"Acid PrecipitaticMi Awareness Curricultm Materials in the Life Sciences" fcy 
Harriet Stubbs, The Anerican Biology Teacher . Vol. 45, No. 3, ^il 1983. The 
following organizations have many fine articles and parophletSf some of which 
are free: 

The Acid Rain Foundation 
1630 Blackhawk Hills 
St. Paul, m 55122 

Publication Information Officer 
Minnesota Pollution Control A^ncy 
1935 West CJounty Road B2 
Roseville, MI 55113 

SOQRCE OP ACTITTry 

Adapted from "Acid Precipitation Avareness, " Harriet Stubbs, The ftnerican 
Biolocr/ Teacher , ty Peg Stef fen. 
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AcrivrrY i 



Name. 



You will test the effects of acid water concentrations on a microscopic 
organism. You will need to collect the following materials. 

4 glass jars or containers of equal size, 
masking tape^ pH paper provided by your instructor 
spring water or pond water that has been boiled 
organians such as Daphnia 
sulfuric acid 

Problan statement 

What is the effect of pH on microscopic pond organians? 
Procedure : 

You will make 3 different solutions of cicid water, pH of about 3, 4, and 5. 
Use the spring water to fill all 4 containers to the same level. Test the pH 
of the spring water. Record this. One container with pure spring water will 
be the control (d:.3s not receive any acid). You will add sulfuric acid drop by 
drop to the other three jars if you are using a anall container such as a bafcy 
food jar. Tfest the pH after each additional drop. Record the final pa in each 
container and mark the jars with masking tape. If you are using a contair^r 
such as pickle jar or pint mason jar, you may add up to 5 drops before testing 
for the pfi. Qice the jars have been adjusted, add a measured amount of 
organiansf such as 2 millilitersf to each of the 4 containers. Observe the 
movau'^t of the organisms. After a few minutesf take an eye dropper and mark 
it about half way up the glass tube with a grease pencil. Fill the dropper to 
the line with water f rem the control jar and empty it into a shallow dish. 
Using the hand lenSf count the number of organians you find that appear to be 
alive. If you have a lab partner # have them make a count also and average the 
two findings. Make a data table similar to the one shown. Place the jars in 
an undisturbed place and make observations and sample counts each day for 3 
days. 



Nunber of Surviving Organians 



Day 



Control 



Jar 1 



Jar 2 



Jar 3 
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After you have collected the data, graph the number of organisms versus the day for 
each pH. Share your findings with the class. 

What was the e3?)erimental variable in this ej^jeriroent? 

What was t^ dependent variable? 

Did you have an adequate control? 

Acid Rain describes ary form of precipitation that contairs a greater than nonnal 
amount of acid. Pure water would have a pH of 7; any reading lower than than would 
indicate a hi^^ier acid content. The combination of rain and oxides are part of 
nature's balance to nouiid7 plants and water life. When the oxides are increased as 
a result of the burning of fossil fuels such as coal and oil, the delicate balance 
becomes upset as the anoount of acid in the rain rises, ^e niap below ^ows where 
adLd lain has become a threat to the soil 

and water resources in addition to erosion n^g^t of EMttm united statat witt> suriaca waier. 
of buildingsf leaching of toxic materials s^titiv^ to acw opposition 

fran the soilf and the destruction of 
plant and animal life. 




Regions wur scj's and bed'ocv thai 
I I a' 0^ acid»:y tc- travel to takes and 
streams 

Laves and streams that currently 
HI ^ave cxtrCfT^eiy itmited abriiiy to 
ncutri'rze acidHy 

^3plication Assignment: Research the causes of acid rain and list the contributors 
to acid rain in order of the amount of air polluticm produced. Write a position 
paper about what you believe is a good solution to the prcA)lQn. Include possible 
effects economically and politically that migfit occur if your solution was to take 
place. Provide data that supports your position. Th« potkJtsnt mil. 

^^"^N, ACid dcpos»liori tnd dry), oiont, •trboine (me p«M"Cies 



Transpod and 
transtormaiion 

Prevailing wmdS comptex 
cnemisify 



At risk 

Ukes ind slreams (oieM*. cro5$ 
malonats. vtSitJihty human htaiiri 




Emttttont 

Su>*uf diOxide 
nitrogen Ondes 
hyd'ocafbons 
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Farmer, Farmer, How Does Your Garden Grow? 



Students are given a Aort history lesson about agriciilttare and cxmpare three 
iDocJern roethods of fanning for energy oonsmption. 



GBJECTIVE 



Each student will be able to explain the changes in agriculture that have taken 
plaoe ever time and will oonpare the energy costs of producing food between 
traditional, ndnimura tillage/ and organic methods. 



PBKISCmjS TIME 

none 1-2 class periods 

LEARNDG GOJE 

WARaJESS - A diagram is provided below that diows an energy history of food 
production. You mi^t use this in addition to the initial background 
informaticxi given. 

OaqCEPT EGVELOI^ENT - H>e initial research for the assignment can be done 
outside of dasSf or you mi^t provide the information to the students from the 
library or f ran the Iowa State County Extensicm Service in your county. See 
also, article "Fuel Required for fielr^ Operations/" Mathematics I.D.E.A.S. 
There may be someone in your area who uses the methods described. If possible/ 
ask than to cone to dass and discuss their farming techniques with the 
students. With traditicml methods/ about nine calories of enerc^ resources 
have been invested for each calorie available in the food. In primitive 
cultures/ 5-50 calories were obtained for each calorie invested. You migjit 
mention this during the discussion- 

APPLICftTIDN - Much of the grain that we produce is used in the feeding of 
livestock. !Ihere is always loss of energy during transformations between sun 
and grass and between grass ai^ livestock. Only 10% of the energy in plants is 
available to the animals tJiat eat the plants. In turn/ only 10% of the ener^^ 
in herbivores (cattle and hogs) is available to meat eaters (us)* One reason 
that the U.S. consumes such large anounts of energy is that we eat much more 
meat than the rest of tdie world. Discuss ways in which we can cut down on the 
amount of enerc^ we consume in food products. Have the stuctents investigate 
the diets of pec^e in other developed and undeveloped nations. 
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FOiLOW-OP/BACIGRaDM) INFORMATION 

Cjontact your cx>unty e>±ension service and the Icwa Energy Extension Servicer 
Iowa State University, 110 Marston Hall, AneSr lA 50011 for information bout 
energy and agricultuie. 

SODRCE Acrwm 

Adapted f ran IDEAS anS Energy and Society r Ministry of Education, by Peg 
Steffen. 




Energg subsidies for vanous food crops The ener^u history of the United States' food 
system 15 shown for comparison Diagram from £ncrgi ^ . Sourcea , Usg ^d Role 
Human Affairs by C «nd J Steinhart, Duxbury Pr^ss, 1974 Used with permission 
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Farmer^ Farmer, How Does Your Garden Grow? 

Name 




A Short History Lesson: 

The method of obtaining food for surviva]. has changed much over the ages. Prinutive 
nan hunted for meat and gathered fruits and berries. Even todayr some peoples still 
use this method. Tilling the soil with pointed sticks and later primitive tools and 
piJ.anting seeds saved from the previous year made harvests more predictable and 
helped to qpark the developnent of civilization. Pioneers in North Anerica used 
huntingr fishing^ gatheringr and finally a type of agriculture called 
slafih-and-burn. Gearing land Ly chopping the trees and burning the remains was 
responsible for ]?.r^ areas being put to agricultural use in the eastern United 
States. Unfortunatelyr the soil of wooded areas is not suited to tilling year after 
year. 

Questions: 

1. Why is this method not in use new? 

2. What mic^t happen to the soil if exposed to envirormental conditions after 
clearing the covering crop of trees? 

3. Corn and tobacco were the principle crops on this cleared ground. Fanners 
frequently used the ground for several years and would then move on. Why was 
this so? 

In modern tiroesr the mouldboard plou^^ has been used to break and prepare a seedbed 
for planting. After plowingr traditionally discing is done before planting and then 
several cultivations are done to control weeds. After the harvests fall plowing 
buries the crop residue and weeds and speeds the spring planting the following 
year. Unfortunately^ the soil is open to wirid and water erosion during the winter 
months. 

Most recently f minimum tillage has been proposed as a way to conserve both soil and 
energy. In this method^ smaller madiinery is used with a system that allows for the 
soil to be brokenr fertilizer added, and the seed planted all in (x^ oper ition. 
Instead of cultivation, herbicides are applied to control weeds. Plant residue from 
the previous year is left and provides a muldi while cutting down on exposure to 
wind and water erosion. Another method of farming is organic, in \^ic4i animal 
wastes are used exclusively instead of commercial fertilizers. Herbicides are not 
used so there is seme loss of crop yield. 

Time for some super sleuthing! I 

You will conpare the energy rejuirements for thi traditional 
method, the minimum tillage method, and organic farming. 
You will need to find out the follcwing things: 
(Assume you are farming a 240 acre farm. 
Do all calculations using this figure.) 

Initial cost of the machinery. 

Operating costs of the madiinery. 




1 

i 

I 

i 

i 

I 
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3. Fuel needs of the tractors over a yearns tine. 

4. Herbicide and fertilizer needs in terms of cost, and anK)unt. 

5. Other costs. 

Split the above among the group to which you have been assigned. If there is 
someone fran a fann family, you may be able to interview the operator, otherwise 
contact local inplement ajid coop people who might have information* Another 
excellent source of current infonration is the county extension service. 

Fill out the chart below to ccxnpare farming methods. 



PARMIN3 KHSOD 


MACHINHiy NEEDS 


FUEL NEEDS 


CHEMICALS 
(relative amtJ 











Fran vAiat you have been able to discover: about the various farming methodSf v^ich 
type of farming is able to produce the hicjiest yield? Whidi typs of farming uses 
the least amount of energy? 

Decision time: The question really becomes one of food production and econcmics 
versus ener^r consumption. 

1. What do you suggest as the best course of action at the present? 



3. Envision what fanning will be like in the future when fossil fuels are no Icniger 
available. Create a scenario with pictures and with a written explanation. 
Remember, you are suj^yiiig grain and meat. 



i 
I 



2. What actions mi^t be taken to ensure that the supply of fossil fuels will last K 
loiger? g 

I 




